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New Thousands 


can now use 
“CATERPILLAR” POWER 




















ANNOUNCING THE NEW MODEL TEN 





Now a new and smaller “Caterpillar” track-type 
Tractor at a new price. The same sure-footed, 
soft-treading “Caterpillar” power. The same 
“Caterpillar” protection against high labor costs 
—against weather risks, The same undaunted 
strength and ability to treat rain and snow, mud 
and sand with contempt . . . but smaller. 


The new model Ten (ten horse-power at the 
drawbar) will bring “Caterpillar” power to thou- 
sands of new owners. There is a “Caterpillar” 
Tractor dealer near you. Ask him to show you 
the new model Ten—ready in January. 


CATERPILLAR TRACTOR CO. 
Executive Offices: San Leandro, California, U.S.A, 
New York Office: 50 Church Street 
Sales Offices and Factories: 

Peoria, Illinois San Leandro, California 
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HE Army Ordnance Association is a national organization of American citizens pledged to industrial pre- 

paredness for war as our Nation’s strongest guarantee of peace, 

HE Association endeavors to keep alive an interest in and knowledge of the design, production and main- 

tenance of munitions. Other than a few manufacturing arsenals—six in all—there is no peace-time in- 
dustry for the production of ordnance. Should war unhappily come again, industrial America will be called 
upon to produce munitions in great quantity and of intricate and unusual design. In an emergency time will 
not permit careful study or long preparation for the production of munitions. The problem is one of vital 
concern, 
THE Army Ordnance Association believes that the solution of this problem, based on experience, lies in 

an active organization at all times co6perating with the Government. The principal objective of the As- 
sociation is an aciive membership of American citizens, on whom the duty of design and production of muni- 
tions will fall in war, who will have an accurate and authentic knowledge of the complex requirements of 
ordnance, “Peace Insurance” in this form is the foremost aim of the Army Ordnance Association. 

HE Association is purely patriotic; it has no commercial interests, no political alliances, and no religious 

affiliations. It is not operated for profit: its income is expended in furthering its aims. Its officers and 
directors serve without remuneration. 

RMY ORDNANCE, the journal of the Association, is published solely for the purpose of disseminating in- 

formation on the progress of our munitions developments so that American industry may at all times know 
its responsibilities to the common defense, 

The objectives of the Association as set forth in its Constitution are: 

To assist in effecting industrial preparedness for | To provide, when required, the services of com- 
war as being one of the nation’s strongest guarantees petent committees to investigute and report upon spe- 
of peace; cial ordnance subjects; 


To keep available the highly specialized knowledge 
necessary for arming the manhood of the nation by 
stimulating interest in the design and production of 
ordnance material; 


To assist in developing and maintaining an efficient 
personnel, both commissioned and enlisted, for the 
units required for Ordnance Field Service in the event 
of an emergency ; 


To promote mutual understanding and to effect co- 


operation with American Scientists, Inventors, Icn- To commemorate the services rendered by the In- 
eineers and Manufacturers in civil life and the Reg- dustry of the Nation and by the Officers and Civilian 
ular and Reserve Officers of the Army Ordnance De- Employees of the Ordnance Department in the wars 


partment ; in which the United States has been engaged. 


ARMY ORDNANCE ASSOCIATION 
he Mills Building, Pennsylvania Ave. at 17th St., N. W 
Washington, D. C 
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Artillery Ammunition 


General Development of the Past and Present 
By T. J. Smith* 


HE development of artillery ammunition has extended 
Thi: 


period may be considered to have begun at about the time 


over a period of about seven hundred years. 


that weapons or cannons, utilizing the pressure of gases 
resulting from the rapid combustion or explosion of some 
substance to expel a missile or projectile, were first 
brought into use. 

Ammunition, or projectiles, if such they may be called, 
for the first the the 


ballista, catapult or other similar devices of ancient war- 


guns were same as those used in 


fare. 
these weapons goes back to remote antiquity. 


The development of missiles or ammunition for 
Compare the 
development of this item, if such be possible, with any 
other definite item that has been under almost constant de- 
velopment for such a length of time! 

The contribution to this development by our own country 
was practically negligible until after the period beginning 
1850. Prior to that time, practically all improve- 
ammunition this 
Since that time, however, the improvements in 


about 
ments in used in eountry eame from 
abroad. 
ammunition direetly attributable to development in this 
country, have consistently increased both in numbers and 
importance. 

An examination of some of the ammunition in use in 
this country just prior to and even during the American 
Civil War, shows little improvement over that in use a few 
centuries earlier. There were improvements, of course, but 
those made after the period beginning about 1850 were 
rapid and outstanding. There have been improvements 
made, even since as late as 1890, which at that time seemed 
impossible. 

The history of the development of artillery ammunition 
from its beginning until about 1850, is not really a history 
of the development of the ammunition itself, but is simply 
a history of the development of the craftman’s ability to 
east or forge objects and to fabricate more complicated 
designs as to shape. In the evolution of artillery ammuni- 
tion it will be noted that the more important changes and 
improvements have been concurrent with the many rapid 
developments that have taken place in practically every 
phase of the chemical and mechanical industries. During 
the World War, and most likely as has been the case in all 
wars of any magnitude, the industries of the nations in- 
volved were greatly stimulated by the demands for increased 
production of ammunition. There were thus evolved im- 
proved facilities and methods of production, as well as new 
sources of supply of raw materials, all of which have had a 


*Chicf, Ammunition 
nance, Washington, D. C. 


Chief of Ord- 
N.S. A, 


Division, Office of the 
Major, Ordnance Department, I 
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direct influence on the final completed round of ammunition. 

Many improvements affecting ammunition design were 
proposed and their merits were realized many years, and in 
some cases centuries, before it was practical to utilize them. 
This has been due to the fact that in many instances the 
manufacturing arts necessary to accomplish these improve 
ments in design were at that particular time either non 
The 
change from the smoothbore to the rifled cannon brought 


existent, or in.a very primitive state of development. 
about radical changes in ammunition design. The advan 
tages to be gained by rifling were discovered apparently 
by accident about 1520. Although numerous schemes were 
tried in an endeavor to utilize its advantages, these ap 
parently met with little suecess until about 1860. It was 
about this time that the principle of the progressive com 
bustion of powder was discovered. Marked changes in 
eannon construction are also noted at about this period. 
There were many early attempts to produce a smoke 
Extensive experiments with this objeet in 
the 
These experiments were carried out in 


less powder. 


view were conducted in France before American 
Revolutionary War. 
an endeavor to reduce the smoke from the combustion of 
black powder. The achievement was not accomplished until 
a century later and then along lines entirely different from 


those attempted in the earlier period. 


‘THE development of ammunition requires in many in- 


stances the development of facilities for its manu- 
facture. Regardless of how promising a design may appear, 
or of how excellent the results may be that are obtained 
when ammunition is made and tested in small quantities 
during times of peace—the final round will be considered 
entirely satisfactory only if it is capable of being rapidly 
produced with the least skilled labor in the large quantities 
required in time of an emergency. Quantity production, 
on such a seale as to justify a proper conclusion on this 
basis in time of peace, is admitted to be practica!ly impos 
sible of realization. The requirement therefore necessitates 
as the ideal not only the fewest number of types consistent 
with tactical needs but also simplicity in design of each 
type wherever possible. 

While ammunition is being developed, consideration must 
not only be given to its use to meet tactical requirements 
and the ability to have it manufactured in quantity by 
established methods, but also there must be studied and 
tried new methods of manufacture developed in commercial 
industries. These methods of manufacture must be con- 
sidered with a view to their adaptation to the manufacture 
of ammunition. 


The experiences of the various nations engaged in the 
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World War brought out as never before the vital necessity 
of substitutes for critical and strategieal raw materials used 
in the development and production of artillery ammuni- 
tion. It is not to be expected that a substitute will be the 
equal of the article or item which it is intended to replace. 
Substitutes may, however, play an important part in en- 
abling the ammunition production and supply program to 
be carried out with the best munitions obtainable under 
eritical circumstances. 

During the World War, practically all countries engaged 
therein were forced to use substitutes for some of the com- 
ponents used in the complete round of ammunition. Sub- 
stitute explosives were developed by all countries, including 
the United States. 
sisting mainly of zine to replace copper in the rotating 


Germany developed a substitute con- 
bands of projectiles. Germany and France developed semi- 
steel shell. This substitute for forged steel shell was also 
taken up in this country, partly due to a supposedly threat- 
ening shortage of steel, as well as to the desire to utilize the 
production capacity of the large number of foundries. 
While only a few of the substitutes have been briefly refer- 
red to, the records show that they were many and varied in 
all countries engaged in the World War. Their importance 
is such that in the design and development of artillery am- 
munition they must receive careful consideration. Provision 
for their use must be made accordingly in order that they 
may be readily available should circumstances necessitate. 


]N an emergency it is not to be unexpected that the most 

carefully worked out peace-time plans of development 
will be upset by changes in requirements necessitated by 
special and peculiar circumstances that previously could 
not be foreseen. The reversal in the proportion of shrapnel 
and shell used, and the importance placed on the super- 
quick action of the point-detonating fuze of the high ex 
plosive shell during the World War, completely changed 
certain previous lines of development in this and other 
countries. 

To meet new conditions the demand for entirely new 
types of ammunition not previously considered often re- 
quires a new line of development. In the World War the 
introduction of the use of chemical ammunition required 
the designing, developing, and production of such ammuni- 
tion in a minimum time in order to meet an unforeseen 
condition. 

During the World War the demands for ammunition to 
give greater range, greater accuracy and greater efficiency, 
in practically all calibers, resulted in innumerable designs 
and experiments to accomplish these results. The shapes of 
projectiles were modified—the bands were modified— 
changes were made in the ignition, detonating, loading and 
propelling systems, all to meet the requirements demanded 
by the users. A few important changes only are referred 
to in this article. 

The question of greater range will always remain an item 
of prime importance. To meet this requirement, extensive 
developments have been, and still are being, made to eol- 
lect and have available all data bearing on the design of 
projecti'es to give the best results. Projeetiles are now 
being designed and manufactured of the best shape to give 
long range and aeeuraey consistent with the requirement that 
thev he eapable of being produced in quantity by our arse- 


nals and commercial manufacturers in ease of an emergency. 


Rapid strides and developments have been made in the 
past few years in the manufacture of steel tubing in this 
Shell made from drawn steel tubing have been 
This process is still under 


country. 
tested and found satisfactory. 
investigation with a view toward collecting all 
data for its use, should it be desired or should circumstances 


necessary 


so require it. 

There have been marked improvements in welding and 
welding methods. Many of these methods have been adopted 
by commercial manufacturers. Investigations are being 
made to determine the possibilities of their use in connee- 
tion with the manufacture of ammunition and ammunition 
components. 

The art of drawing metals, especially steel, has steadily 
progressed. The use of drawn steel as applicable to the 
manufacture of projectiles has been investigated and is 
being studied. The old pierce-and-draw method of making 
forgings although improved still appears,to hold its own 
but other methods showing promise must be investigated. 

Efforts to improve the fragmentation of high explosive 
shell, especially for antiaircraft use, resulted in the de- 
velopment of a segmental shell. So far, sufficient improve 
ment to justify the additional difficulties in manufacture 
has not been obtained. It is interesting to note that similar 
segmental shell were introduced in 1858 and were used 
extensively by the Germans during the Franco-Prussian 
War. 

New uses are being made of old material—new materials 


They were later superseded by shrapnel. 
are being brought into use. Remarkable advances have 
been made in the machine tool industry, whereby a very 
great variety of operations may be more economically, more 
quickly, and more aceurately performed. In connection 
with the experimental and development problems on am- 
munition pertaining to production, it is important that the 
arsenals be supplied with the latest types of equipment if 
they are to keep abreast of the times and are to seeure the 
advantages of our national industrial progress. 

The development of artillery ammunition must be fol- 
lowed in every country. Any great advance or discovery 
in the chemical or mechanical sciences and industries may 
change the problem entirely. The progress and advance- 
ment made in the fixation of nitrogen and the oxidation of 
ammonia have had a direct influence not only on certain 
commercial industries but have also radically changed the 
nitrogen problem in its relation to munitions. 


[NX the development of ammunition and its components, 

one of the very important problems and probably one 
of the most diffieult has been the obtaining of satisfactory 
fuzes. During the past several years, a great deal of 
experimental and development work has been earried on in 
an endeavor to obtain a satisfactory point detonating fuze 
for field artillery ammunition. (The French fuzing system 
adopted by the United States during the World War has 
With 


quirements that the designers were endeavoring to meet, 


never been considered satisfactory.) the rigid re- 
the problem was indeed baffling and at times discouraging. 
There has been designed and developed a fuze whieh it is 
believed will be entirely satisfactory. Tests have given the 
Small lots of 


most promising results. ammunition for 


various calibers of guns are under mannfaeture. This 
ammunition will be fitted with the new fuze and will be 


issued to the using services for test and approval. 
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While the fuze problem has been difficult with ammuni- 
tion for field weapons, the situation has been none the less 
simplified by the requirement of fuzes for antiaircraft 
weapons. Due to changes in barometric pressure, powder- 
train time fuzes give erratic results when fired at long set- 
tings and high elevations. To overcome these difficulties a 
mechanical time fuze has been adopted. A small unit has 
been set up at the Frankford Arsenal and is now in limited 
The this 


mechanical fuze have been encouraging and it is believed 


production. results of tests so far made with 


that a satisfactory solution to this problem will be obtained. 


|] MMEDIATELY after the World War there was appointed 


by the War Department a board of officers, known as the 


Westervelt, or Caliber, Board, to make a study of arma 
ment, calibers and types, kinds and proportion of ammuni 
tion, ete., to be assigned to a field army. 

The recommendations of the board were approved, and at 
various times have been published or referred to in service 
papers and periodicals. It is desired to review briefly some 
of the more important recommendations of that board per- 
taining to ammunition and to give, in general, the present 
status of development of certain ammunition items. 

Board: “The 
projectiles for maximum ballistic efficiency have not been 


veneral laws governine the design of 


formulated and there is insufficient data on which to 


proceed.” 

Since the board’s report, for nearly ten years, there have 
been employed at the Picatinny Arsenal a technical design- 
ing organization and at the Aberdeen Proving Ground a 
These organizations have studied and 


ballistie section. 


designed ammunition, calculated data and formulas, and 


condueted practical experiments in an endeavor to collect 
board’s 


data as that referred to in the 


Their work continues and ts 


and obtain such 
report as being insufficient. 
of inestimable value to the Department. 

Board: 


actively prosecuted.” 


“Development of a mechanical fuze should be 


A mechanieal fuze has been standardized and small pro 
duction is now being obtained at one of the arsenals. 
Board e 


making fuzes for high explosive shell, bore-safe.” 


“Tt is desired to emphasize the necessity for 


This principle has been followed consistently in all fuze 
developments and the new fuzes will be bore-safe. 

Board: “It is especially desirable to reduce the types of 
fuzes issued to any sing!e organization.” 

It is expected that one type only, of the new fuze, will 


be necessary for a single organization. 


Board: “It is considered fundamental that all guns be 
furnished with types of projectiles which will give the 
maximum range—that all howitzers, except the 105-mm., 


be furnished with a type of shell to earry the maximum 
bursting charge.” 

Insofar as practicable, all new ammunition has been 
designed to be in aecordance with this reeommendation. 

Board: “It is desired to point out defects in nitrocellu- 
lose powder. This powder takes up moisture from a damp 
atmosphere and deteriorates in its ballistie qualities.” 

Flashless, non-hygroseopie powder has been developed 
for a number of weapons. Experiments and developments 
are being continued on powder for other ealibers, 

For each of the types of weapons recommen led by the 


board there was specified the weight limit and type of 


projectile, the kind of fuze, and certain characteristics of 
the powder. 

The following weapons developed since the war in ae- 
cordance with the board’s recommendation have been stand- 
ardized: 37-mm. infantry gun; 37-mm. antiaircraft gun; 
75-mm. infantry mortar; 75-mm. pack howitzer; 75-mm. 
Mk. I gun; 


antiaircraft gun (mobile); 3-inch antiaireraft gun (fixed) ; 


105-mm. howitzer; 240-mm. howitzer; 3-inch 


105-mm. antiaireraft gun; 14-inch railway gun; 16-inch 
howitzer; 16-inch gun on barbette carriage. 

The following ammunition has been developed and stand 
ardized since the World War: 975-lb. armor-piereing pro 
jectile for 12-inch gun; 1560-lb. armor-piercing projectile 
for 14-inch gun; 2340-lb. armor-piercing projectile for 16 
inch gun; Mark X base-detonating fuze for major caliber 
armor-piercing projectiles; mechanical fuze for antiaircraft 
artillery; fuze for 75-mm. infantry mortar; substitute ex 
plosive for TNT. 

Projectiles and fuzes have been designed and the pro 
Changes in 
Tests 


if these new requirements can 


jectiles tested for the 37-mm. infantry gun. 
requirements have necessitated additional designs. 
are now being made to see 
be met. A new projectile with supersensitive fuze for the 


37-mm. antiaireraft gun has been designed and _ tested. 
Projectiles and fuzes are being manufactured for service 
tests. A change in requirements has necessitated a recent 
new design of projectile for the 75-mm. infantry mortar. 
lirings are being conducted with encouraging results. 

The 75-mm. field gun and the 75-mm. pack howitzer will 
use the same shell. The design of shell has been held up 
pending the final design of fuze. Fuzes are now being 
manufactured for service test. The design of shell is being 
carried to completion. 

Projectiles for the 105-mm. howitzer have been designed 
and tested. Fuzes are being manufactured for service test. 
It is expected that the fuzes being designed will be suit 
field 


Projectiles for 3-inch antiaireraft guns have been stand 


able for weapons including the 240-mm. howitzer. 


ardized. Mechanical fuzes are being manufactured. 


Projectiles for 105-mm. antiaireraft gun have been 


designed and tested. The mechanical fuze will be tested 
with this projectile. 

FNH powder has been standardized for the 75-mm. gun, 
M1897. 


Satisfactory FNH powder has been developed for 


NH powder has been standardized for the 155-mm. 
gun, 
the 2.95-inch mountain gun, 75-mm. pack howitzer, and the 
Improved powders are being manu 


105-mm. howitzer. 


factured for service test for the 37-mm. 


37-mm. antiaireraft gun and the 75-mm. infantry mortar. 


infantry gun, 
Improved powders have been developed for the 75-mm. 
MI Gun and the 3-ineh antiaircraft guns. 

In an endeavor to solve the many complex problems in 
connection with the design and development of artillery 
ammunition, there has been built up a technical organiza 
tion whose activities are centered on this work. This or- 
ranization, while relatively small, has carried a burden that 


has not been light. Progress that has been made to date 


a. 


indieates that most of the difficult problems in connectu 


et ; ee 
with the ammunition development program as laid « 


will be solved. Some of the problems, however, have no 
been solved—new problems are continually arising. | 
progress is to continue, experimentation and development 
must continue to play a most vital part in the program 
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Sectional Panorama View of Powder and Primer Storehouses, Scovill Manufacturing Company, Waterbury, Conn. 


War-lTime Manufacture of Fuzes 


Commercial Production of 21-Second Combination Type 
By John H. Goss* 


()* September 14, 1905, the United States Government 
entered into a contract with Seovill Manufacturing 
Company, of Waterbury, Connnecticut, covering the manu- 
facture of five thousand 21-second combination time and 
percussion fuzes. The company was to make all of the 
parts and assemble them into complete fuzes. The Govern- 
ment was to furnish the primers and the meal powder for 
the time-train rings and proof fire the fuzes for acceptance. 

Ii took practically four years to complete the order, 
principally because the Government changed the design of 
the fuze several times, and while this delayed the manu- 
facture of the final accepted design, it afforded both the 
company and the Goverment a considerable amount of ex- 
perience, which proved of later value to both, the Govern- 
ment getting a perfected design of fuze, which remained 
standard and is today standard as a piece of ordnance ma- 
tériel, and the company gaining experience which proved 
valuable both to it and the Allies, as well as to the United 
States Government when we were compelled to go into the 


World War of 1914 to 1918. 


VERY after the 

opening of the World 
War Mr. Charles M. 
Schwab, on behalf of the 
Bethlehem Steel Company, 


soon 


negotiated with the British 
order for 
field 
rounds of 


Government an 
British 18 - pounder 
guns and 
ammunition for the 

both explosive 
shrapnel. These 

rounds, of course, required 


fixed 
same, 
high and 


fixed 


time fuzes and brass artil- 
lery cases, 

Knowing, or learning of 
ow 
*Vice - President, Scovill 


Manufacturing Company, 
Waterbury, Conn. 





Blending Koom in Powder-Blending House, Scovill 
Manufacturing Company. 


the Seovill Manufacturing Company’s experience in making 
the previously mentioned order of time fuzes for the United 
States of the Bethlehem Steel 
Company approached Seovill Manufacturing Company and 
asked them to bid on the manufacture of the artillery cases 


3ritish field gun and 21-seeond com 


Government, the officials 


for the 18-pounder 
bination time and pereussion fuzes, both finished and ready 
for assembly in the complete rounds. A bid was made by 
Seovill Company covering 2,000 per day of both cases and 
fuzes, but eonditioned upon the British Government ae 
cepting the United States model of fuze, changed only in 
so far as it was necessary to fit the British 18-pounder 
shrapnel. In the early autumn of 1914 Mr. Schwab left 
for England, to negotiate the proposed contract with the 
British 

In the meantime, Scovill Manufacturing Company pre 


Government. 


pared to make prompt delivery of the two components upon 
which it had bid, by laying out a complete program for the 
toolage, a flow sheet as far as possible of the operations in 

volved, and by getting 
prices and delivery promises 
on all the machinery and 
equipment which would be 
Mr. 
Schwab’s return late in the 
fall after 
contract he 


required. Upon 
negotiating his 
Seovill 
Company 


notified 
Manufacturing 
that he was ready to place 
the order with it for artil- 
lery cases and time fuzes, 
to sign the 


and necessary 


contracts. However, when 
the Seovill officials were in- 
formed of the quantity in- 
time avail- 


volved and the 


able for delivering the 





quantity, the fact was dis- 


closed that in order to make 
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the total delivery on time, a tremendous and immediate en- 
largement of the personnel of Scovill Manufacturing Com- 
pany would be necessary, and the quantity required to be 
delivered per day would be far beyond anything estimated 
or involved in the bid. This brought about considerable 
discussion between the officials of the two companies, Scovill 
Company stating that it could not accept the obligation to 
make delivery of all the eases and fuzes ealled for in that 
short length of time, because of the danger of breaking 
down the existing good morale of its organization by the 
acquisition in so short a space of time of such a large group 
of workers of all kinds as would be necessary; that it was 
too great a risk to assume that such a large group could be 
assimilated without seriously threatening the stability of 
the organization, and that if the stability of the organization 
were seriously disturbed Scovill Company's usefulness as 
a producer of either these components or any others that 
might be offered to it could not be relied upon; that the 
officials of Scovill Company felt that sooner or later the 
United States might be involved directly in the World War, 








Method of Mixing Primer Composition. 


and that, if so, the company wished its organization to be 
available for production purposes and in a manner that 
could be relied upon. 

Finally it was agreed that Scovill Company would take 
a portion of the artillery cases and time fuzes involved in 
the contract, and that the balance would be made either by 
the Bethlehem Steel Company or procured elsewhere. 

The contract for this reduced amount, involving, how- 
ever, a delivery of not less than 2,000 per day of each 
component, was thereupon entered into as between Scovill 
Manufacturing Company and the Bethlehem Steel Com- 
pany. An addition to the buildings of the plant of Scovill 
Company was necessary, and the winter season was im- 
mediate. The progress in the development of toolage, set- 
ting up of the machinery, and the procuring and delivery 
of all the necessary materials was in no way interrupted. 


A NUMBER of men—which I believe was the first group 
to arrive in this country from the other side—came to 


the plant of Scovill Company to be trained as inspectors 











Loading Fuze Train Rings. 
representing the British Government. A British artillery 
officer was placed at the plant in charge of these inspectors 
and representing the British Government in all matters per 
taining to the contract. 

Seovill Company, realizing that it had had practieally no 
experience in the handling of powder and the making of 
primer composition, obtained the services of two men who 
had had a great deal of experience in the arsenals and at 
the proving grounds of the United States Government, em 
ploying one to be in charge of ballistics and the handling, 
blending and control of the explosives, and the other to be 
in charge of the gages and gaging operations. These men 
entered the employ of Scovill Company early in December, 
1914. 


tions and 


Full detailed plans were laid out for all the opera 
the flow of the 


The services of Col. Beverly W. Dunn, then on leave 


work. 


from the United States Government, in charge of the Bu 


reau of Safe Transportation of Explosives for the American 





Primer Loading Bench and Equipment. 
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Railway Association, were retained to review Secovill Com- 


pany’s plans and advise it in the interests of safety, and 


his opinions and advice were implicitly followed. 


plans were so well conceived and so faithfully carried out 


that from the begin- 
ning to the end of 
operations in the 
manufacture of time 
the Seovill 
there was 


fuzes by 
Company, 
never any criticism by 
the fire insurance com- 
the 
risk nor any change 


panies covering 
in premium rate made 
or even suggested; in 
fact, toward the 
of the war there was 


end 


an actual reduction in 
rate. No 
sericus explosions, 


premium 


fires or injuries were 
ineurred throughout 
the period of manu- 
facture of fuzes. Over 
were in- 


four years 


volved. With the exception of the above mentioned addi- 
tions to personnel no experts as such were added to the 


organization. 


Early in February, 1915, the first deliveries were made 
of both artillery cases and fuzes, and no diffieulty was 
encountered in meeting the specifications or the demands 
of the inspectors. The daily output was built up gradually 
and _ satisfactorily. 


[N the planning of the equipment the management of 

Seovill Company deliberately avoided the use of auto- 
matie or special purpose machinery, with the exception of 
that required for making certain of the smaller parts, 
automatic screw machines could be 


where the standard 


readily used. The feeling of the management was that 
quantity and quality could best be maintained with a 
minimum use of automatic machinery if a shortage of 
skilled labor should develop, and that more prompt de- 
liveries would result from the use of standard nonautomatic 
machines where machine operations were involved. Later, 
as the war progressed and the quantities increased, of 
course special purpose machinery, some of it automatic, 
was designed and built and put into operation to good 
effect. 
done in sueh manner as not to delay but augment output. 


This, however, was a gradual development and was 


Early in April of 1915, Bethlehem Steel Company asked 
Seovill Company if it would reconsider and take on addi- 
tional amounts, calling attention to the fact that the daily 
output ealled for by our order was being exceeded and the 
The Seovill 


agreed to take on additional amounts of both components, 


quality satisfactory. officials of Company 
which Bethlehem Steel Company thereupon ordered of 
Seovill Company. Seovill Company was enabled to do 
this beeause, standard equipment only being involved and 
the second-hand machinery supply in the field at that time 


being unimpaired, a good selection was available. 


These 





Loading Primer Caps for Percussion Element. 





In early July, 1915, regular deliveries of 12,000 or more 
fuzes and artillery cases per day had been reached, and no 
failures in quality of any kind had resulted. 

About this time Bethlehem Steel Company asked Seovill 

Company to assume 
still further 
of both 
which 


amounts 
fuzes and 
cases, Seovill 
Company did assume 
beeause its organiza 
had 
outstanding efficiency 
and 


tion attained an 


and _ eonfidence, 
because the hazards 
generally involved in 
the manufacture of 


had 


mastered. 


probably 
The 


progress in the manu- 


ftuzes 


been 





facture of these two 
components continued 
without interruption, 
the necessary increase 
in number of em- 


ployees was made 

without difficulty, and 
they were readily assimilated by the old organization; no 
labor difficulties of any kind were encountered; the effi- 
ciency increased in all directions, so that in spite of an in- 
crease in cost of materials and an increase in wage seales 
Still 


further amounts were ordered by Bethlehem as time went 


the eost of finished fuzes and eases did not inerease. 


on. The increase in quantity output finally reached a 
point during 1916 where the production of each of the 
40,000 every 24 hours for a period of 
British 


components Was 


several months, when the Government was seri 
ously in need of them. 

Later contracts were taken direct from the British Gov- 
ernment for large amounts of time fuzes, and also from 


the Russian Government, through a British contract. 


WHEN the United States entered the war, Seovill Manu 
facturing Company accepted large contracts for time 

fuzes and artillery eases for use with the 75-mm. field gun 

The 

fuzes for antiaircraft components were made both for the 

United States Navy and the United States Army. 

1915 and ending 


and in 1918 for time fuzes for the antiaireraft gun. 


Altogether, beginning in February of 
the first of April, 1919, Seovill Manufacturing Company 
made and delivered—without the rejection of a single lot— 
over twenty-three million time fuzes. It is doubted whether 
the record has ever been equaled. 

Soon after the Seovill fuzes reached the front lines, the 
British issued orders that a!l Seovill fuzes were to be with- 
drawn from the field artillery and held in reserve for anti- 
aireraft protection, because of accuracy and dependability. 
Finally a British official order was sent out requiring that 
an investigation be made by the British Ordnanee Depart- 
ment as to why it was that Seovill fuzes were so uni- 
formly reliable. 

We are told that the fine reeords made in antiaireraft 
gun firing in the past two or three years by the United 
States Service, particularly by the Fort Totten gun crews, 
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have all been made using Seovill fuzes made in the year 
1918, and which had been kept stored in the hermetically 
This is 


proof that the meal powder time-train, if properly blended 


sealed cans in which they were originally shipped. 


and loaded, can be depended on for stability and unm- 
formity even though stored for long periods. Some of these 
fuzes loaded over ten years ago have been recently burned at 
rest and the results, when compared with the record of that 
particular lot when originally made, were found identical. 

The organization developed by Seovill Company initially 
for the purpose of manufacturing artillery cases and time 
fuzes under the Bethlehem Steel Company contract formed 

most effective nucleus for expansion into the field of 
manufacture of a wide variety of other War Department 
material. In August, 1914, the employees numbered 4,200, 
but on Armistice Day Scovill Manufacturing Company had 
practically 16,000 employees on its payroll and was operat 
ing virtually 100 per cent on war material of many va 
rieties, having given up all of its commercial work for the 
This that 


United 


time being. Was necessitated through the faet 


facilities of 
United 


when the States entered the war the 
the company were practically requisitioned by the 
States Government, and tremendous demands were made 
upon it for production of a wide range of war material in 


large quantities. 


‘THE so-called preparedness program now heme developed 
by the War Department and the industries of the United 
States involves the placement of small orders for ordnance 


material or components by the Government with manufac 









turers who would presumably be called upon in time of war 
for their production, in order that the manufacturers may 
either acquire or maintain the necessary experience to in 
sure reliability and necessary quality and be depended upon 


The 


Manutacturine 


In emergency. writer 


ol Seovill 


points out that the experience 


Company, resulting from th 
placement with it in 1905 by the United States Government 
of an order for 5,000 time fuzes, was the basis of the re 
Britain, Russia and the 


United States during the World War by 


liable service it rendered to Great 


the manufacture 


of time fuzes, recognized as one of the most diffieult com 


ponents to manutacture; and in perhaps an outstanding 


manner demonstrates the good judgment of the Ordnance 


Department officials in asking Coneress, as a part of the 
| | 

preparedness program, to give them authority to place these 
~mall experience-developing orders in peace time with the 
will 


industries which in all probability be called upon for 


production in time of need, when prompt, reliable de 


liveries in large quantities are absolutely essential to ade 
The 


would afford one of the best and cheapest forms of in 


quate defense. preparedness program undoubtedly 


surance that «can be devised for our national defense. As 


time goes on and those who acquired experience in the 
manufacture of war materials during the World War pas- 


on, that valuable knowledge, so dearly gained, will be lost 


unless these older men have the opportunity to teach the 


vounger men coming on in their organizations through 


practical experience under their instruction and guidance 


This opportunity would be afforded through actual orders 


placed from time to time by our Government. 


Inaugural Meeting, Milwaukee Post, Army Ordnance Association 


‘THE inaugural meeting of the Milwaukee Post, Army 


held on Friday 


Ordnance Association, was evening, 
November 23, 1928, at the Hotel Astor, Milwaukee, Wis. 
Col. Wm. W. Coleman, President of the Post and First 
Vice-President of the Association, was toastmaster. Mr. 


Benedict Crowell, President, Army Ordnance Association, 
LH. Ruggles, to the Chief of 
A., were the principal speakers. About 
Practically all of 
Milwaukee 
area were represented as well as a large contingent of 
Officers. 6:30 


and Brig. Gen. C, Assistant 
Ordnanee, U. 8S. 
125 members and guests were present. 
the metal industries and manufacturers in the 


Ordnance Reserve Dinner was served at 


P. M., after which several reels of moving pictures of the 
Tenth Meeting of the Aberdeen 


Proving Ground, Md., were shown. 


Annual Association at 


President Coleman then gave a brief outline of the pur 


poses of the Army Ordnance Association and the reasons 
for organizing a Milwaukee Post. 


Mr. Crowell, who was introduced by Colonel Coleman, 


spoke on the basic principles on which our system of na 


tional defense is designed. He explained that we have a 


modified Swiss system intended primarily for defense and 
that our organization provides tor a minimum standing 
army, placing upon all citizens the duty to perform their 


allocated assignments in time of war. He contrasted this 


system with the two extremes: the absence of seeming or 


ranization in monarchieal China, and on the other hand the 


highly armed and militarized state of pre-war Germany. 





He emphasized that every citizen has a definite duty t 


perform in our scheme of national defense and that the 


industrial aspects of preparedness demand the cooperation 


of manufacturers and engineers in every field of industrial 


ne tivity. At the close of his address Mr. Crowell presented 


the charter of the new Post to President Coleman. 


General Ruggles then addressed the meeting, and by 


charts gave some idea of the enormous quantity 


means ol 
of munitions required by present-day military operations. 
He then deseribed some of the steps being taken by the 
Ordnanee Department to meet another great emergency 
For a six army program our munitions reserve would not 
last six months. A year or more would be required for ow 
industrial plants to get into munitions production in quan 
tity. In order that this dangerous gap may be shortened 
as much as possible the Ordnance Department is experi 
menting with quicker methods of producing cannon, shells, 
the results thus far 


and explosives. He described some of 


obtained and urged the continued assistance of American 
industry in the completion of adequate war plans. 
Following this address the meeting was open to general 
discussion during which plans for codrdinating loeal in 
with the national defense and for training Ord 


dustries 


Reserve ] 


nanee Officers and enlisted men were discussed 

The officers and members of the new Post wer rratinied 
over the suecess of their first n eeting and are plannn 
further social and edueational activities for h 
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Architect’s Drawing of the New Administration Building at Picatinny Arsenal. 


The New Picatinny 


Rebuilding the Army’s Ammunition Arsenal 
By J. K. Crain* 


()* July 10, 1926, the Picatinny Arsenal, near Dover, 
N. J., was severely damaged as a result of a series of 
explosions in the adjoining Lake Denmark Naval Ammuni- 
tion Depot. By a coincidence, the July-August, 1926, 
number of ARMY ORDNANCE—just going to press—was de- 
voted to Pieatinny Arsenal. Time and space permitted a 
brief editorial reference to the disaster, a quotation from 


which follows: 


“As this issue of AkMY ORDNANCB goes to press, Pica- 
tinny Arsenal is a mass of wrecked buildings and equip- 
ment. * * * Thus this issue of ARMY ORDNANCE, which was 
intended to describe the ammunition arsenal, its splendid 
record of accomplishment and its facilities for future pro- 
gress, becomes rather a memorial to an establishment that 
has suffered a severe blow. 

“But from this wreckage let us plan an even greater 
Picatinny that will carry on where the present demolished 
establishment left off. Let us hope that funds will be imme- 
diately appropriated to begin the gigantic task of salvage 
and reconstruction, so that the loss to the Army and the 
nation may be minimized as much as possible.” 


The inspiring and courageous exhortation of ARMY 
ORDNANCE recited above has been the guiding principle 
followed by all having a part in repairing the damage of 
the great explosion. 


*Commanding Officer, Picatinny Arsenal, Dover, N, J. 
Lieutenant-Colonel, Ordnance Department, U. S. A. 


‘T HERE are two factors that make up Picatinny: the 

personnel, comprising the organization; and the ma- 
tériel, which constitutes the plant. The organization is and 
was and always will be the important part of any enter- 
prise or establishment. In so far as the personnel is con- 
cerned, there is no “New Picatinny.” The individuals of 
the organization have always been of the highest character, 
loyal and devoted to their work, and to the interests of the 
Government. They had met and conquered every vicissitude 
in the life of the arsenal, including the difficult period of 
the World War. The terrific damage of July 10, 1926, 
did not appall them. In a remarkably short time the plant 
was in operation, and in a few months “business as usual” 
was an accomplished fact. The organization that patched 
up the wrecks, and at the same time turned out ammuni- 
tion from the wreckage, is still here. The same fine spirit 
that refuses to admit defeat still animates it. So I say 
advisedly that there is no “New Picatinny” in so far as the 
personnel is concerned. 

However, the damage sustained by the matériel of the 
Arsenal was very great. No building escaped entirely, and 
some were completely destroyed. Immediately after the 
catastrophe the Chief of Ordnance, Maj. Gen. C. C. Wil- 
liams, appointed a Board of Officers to appraise the damage, 
and to make recommendations as to action that should be 
taken. Col. Wm. H. Tschappat, Ord. Dept., U. S. A., was 
president of this board. The recommendation of the board 
was not only that the arsenal be rebuilt, but additional land 


be purchased to enlarge and improve certain portions of it. 
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Accordingly, estimates were prepared in the fall of 1926 
for submission to Congress. That body at that session ap- 
proved the rebuilding of the arsenal, but did not appro- 
priate the funds. However, in December, 1927, Congress 
did appropriate $2,300,000.00 for the rehabilitation of the 
ammunition arsenal, and that work is now in progress. 


THE “Old Picatinny” had been a gradual development 

of many years. Expediency and the desire to make 
available funds cover as many facilities as possible played 
a large part in the layout of the plant. The Tschappat 
Board made the following statements in one of its reports: 
“During its inspection of damage to the arsenal, the board 
considered the rearrangement of certain facilities with a 
view to greater safety and economy of operation. In a 
plant of this kind, handling explosives or inflammables in 
most of the manufacturing buildings, safety and economy 
of operation are in many respects diametrically opposed to 
each other. * * * The board believes that facilities not in- 
volving explosives or unusual fire hazards should be sepa- 
rated from facilities involving such hazards by as great 
distances as practicable, when such separation can be ef- 
fected without undue increased cost of operation of the 
plant as a whole.” 

This principle has been followed in laying out the “New 


Picatinny.” The reservation has been divided into geo- 
graphical areas, into which have been placed the various ac- 
tivities depending upon their character. That this re- 


arrangement could be effected readily demonstrates that the 
builders of the “Old Picatinny” endeavored to follow the 
same plan within the limitations imposed upon them. 

The new arrangement led to a separation into three 
Ist. The manufacturing activities in 


which powders and explosives are handled; 2nd. The stor- 


grand divisions: 
age areas in which powders and explosives are housed; 
3rd. The manufacturing activities where non-hazardous 
materials are handled, and where the administrative and 
engineering functions are carried on. 

In general, the central section of the reservation is used 
for powder and explosive manufacturing. The principal 
changes over the old arrangement are: (a) A new melt- 
loading plant located along the west shore of Picatinny 
Lake; (b) A new bag-loading plant located along the south 
shore of the lake; (¢) The removal of the testing station to 
a plateau west of Picatinny Peak, and about 150 feet 
above the level of the lake; (d) The use of greater distances 
between buildings of the powder factory; (e) The establish- 
ment of a small high explosives plant on the eastern slopes 
of the reservation. The New Jersey State law governing 
commercial plants has been followed in the rearrangement 
of these units. 

The melt-loading plant will comprise four main build- 
ings, well separated from each other, to accomplish the work 
done in one building in the old plant. The four buildings 
will be connected by a covered run-way, along which am- 
roller 


munition can be moved either on lift-trucks or by 


conveyors. The buildings are also connected by railway. 
The bag-loading plant for the first time in its history 
will be housed in buildings designed for that purpose, and 
not merely adaptations from storehouses or other expedi- 
advance 
These 


new buildings are now completed and the equipment is 


encies. The new testing station will be a great 


over the old one in the character of its structures. 


being installed. An entire paper might be written upon 


this area alone. The new powder factory stretches out to 
meet the new safety distances that have been adopted since 
it was first built. The new high explosive area is so located 
that any mishap there will not prove serious to any other 
area. This was not previously the case. The storage areas 
for powders and high explosives remain unchanged. Con- 
gress authorized the purchase of additional land, and 
negotiations are under way to increase the safety zone 


around these areas. 


‘T HE third grand division referred to above is located in a 
belt extending across the reservation from east to west 
(a) A 


fine new administration building, where for the first time 


and near its southern end. Here will be located: 
in years the administrative personnel will be adequately 
housed. (b) A main chemical laboratory with auxiliary 
buildings to remove operations embracing fire hazards to 
a safe distance. This group of buildings will afford our 
chemists proper facilities for carrying on the work so im 
portant to every group in the arsenal. The demands made 
upon the chemists and chemical engineers of the Nation by 
ordnance ammunition activities are many, and in time of 
war will be tremendous. Picatinny Arsenal is the chemical 
center for ammunition, and every effort is being made to 
properly equip the arsenal laboratory to fill its mission. 
(c) The shop area will contain a new wood-working shop 
the 


machine shop and the various utility shops required in the 


and a new metal shop. In the latter will be housed 


maintenance of the plant. This building will be a one 
story structure, well lighted by ample windows and skylights. 

A contract has been let for the administration building, 
the laboratory buildings, the shop buildings, and the melt 
loading plant. By the end of the year 1929, these areas 
should be completed, and the remainder of the rebuilding 
should be nearing completion. 

The preliminary designs for the new structures were 
made by the Plant Engineering Section of the arsenal. 
From these, the Construction Division of the Quartermaster 
General’s Office prepared the architectural and detailed 
And the thanks of the 
arsenal are extended to the Quartermaster General’s Office 


drawings and _ specifications. 
for the hearty spirit of codperation displayed, and for the 
excellence of the designs produced. 

A new plant storehouse in the shop area was provided 
by remodeling the old stable. In turn, the animals were 
cared for by converting a powder magazine into a stable. 
This may sound bizarre, but the transformation has proved 
very successful. 

The former metal and wood-working shops will be re 
paired and used as storehouses. This will begin their see 
ond eyele as such, for they were originally built as store 
houses and later metamorphosed into shop buildings. 

Picatinny Arsenal was selected in 1919 as the ammuni 
tion arsenal, and has struggled to become such ever since. 
It bids fair to achieve this position in reality as a result 
of nearly ceasing to exist. With the present staff of en 
gineers and technicians and with the appropriations made 
available by the Congress, which are now being 
facilities for earryving o1 
feel that the on 

The 


proved p 


formed into structures and 


work, there is every reason to 


pose is fast approaching its goal. ord f encom 


ment of ArMy ORDNANCE have 
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Decomposition of Smokeless Powder 


A Discussion of Symptoms, Causes and Effects 


By C, 


| T HAS been very appropriately said that “There is no 
problem connected with modern explosives more im- 
their stabilitv.”' The 


ils regards 


portant or more elusive than that of 
problem is, however, of special importance only 
explosives belonging 
to the class of nitric 
esters, the chief mem- 
bers of which are 
nitrocellulose and 


Black 


remains wun- 


nitroglycerin. 
powder 
changed indefinitely if 
stored so as to avoid 
the 
moisture. 
TNT and 


explosive aromatie 


absorption of 
Pierie aeid, 
other high 
nitrocompounds have 
been found to undergo 
no change whatever on 
prolonged storage for 
Nitric 


however, 1n- 


many years. 
esters, 
eluding both nitrocel- 
lulose and nitrogly 
eerin, are inherently 
subject to gradual 
decomposition, even 
under ordinary condi- 
tions of storage, and 
this tendency is in- 
ereased by an inereas: 


in temperature or by 





the presence of mois- 


ture. This decomposi- Pig. 1. 
tion results in a split- 
ting off of oxides of nitrogen, which, in turn, combine with 


oxygen of the air and with moisture to form free nitrie acid. 
mass of explosive causing 
with the result that 


The free acid reacts with the 


further evolution of oxides of nitrogen, 
decomposition progresses at an accelerated rate. The pres 
materials used in 


ence of various impurities in the raw 


manufacture, or of unstable nitration products which may 


be the result of incomplete nitration, also contribute toward 
this decomposition. 

With this knowledge of the tendency of nitrocellulose to 
undergo decomposition of this nature, all possible preeau- 
tions are taken in the manufacture of smokeless powder to 
be detrimental to the 


guard against conditions which may 


stability of the powder. The cotton used in preparing the 
nitrocellulose is purchased under specifications which in 


sure, so far as is commercially practicable, freedom from 


*Chief, 
the Chief of Ordnance, 
Reserve, U. S. A. 

1Arthur Marshall, 


Otlies ot 
Ordnance 


Explosives Secti« Ammunition Division 
W: ashing rton, D. C Colonel 


Explosives, 1917 





Left: Spotted Deterioration on Surface of Grain; Right: De. free 
terioration from Center Spot, Cracked Surface. 


G. Storm* 


deleterious impurities. The nitrated product is subjected to 
a very thorough purification or stabilizing process in order 
possible all traces of free acid 


to remove as completely ais 


or of unstable nitro produets. The solvent used in eolloid 
ing the nitrocellulose 
is required to meet 
rigid specifieations for 
purity, and great eare 
is taken to prevent 
contamination of the 
product at all 


stages 


of manutaeture. 


AS a further means 

of prolonging the 
stability life of smoke 
less powder, all pow 
der made in this coun 
try during about the 
last fifteen 


contained an 


years has 
added 
stabilizer dipheny- 
lamine—a_ substance 
which has a_ strong 
attraction for tree 
nitrie acid, and which 
therefore promptly 
combines with any 
trace of acidity exist 
ing in the powder ol 
resulting from the 
early stages of decom 


position. This re 





moval of the traees of 


nitric acid pre 


vents the aceelerated 


decomposition which would follow if the acidity were al 


lowed to remain in the powder. 


The diphenylamine is believed to be converted sueces 


sively by the acid decomposition products to diphenyl nitro 


samine, nitrodiphenyl nitrosamine, dinitrodiphenylamine, 


and trinitrodiphenylamine, several of these compounds hav 


ing actually been isolated from deteriorated smokeless 


powders. When the diphenylamine has been “neutralized” 


hy beeoming nitrated by the decomposition produets, the 
decomposition of the powder proceeds just as if no stabi 
lizer had been present. It might, therefore, be suggested 
that the life of powder may be still further prolonged by 
There are, how 
serious objections to sueh a In the first 

the ballistics of the affected. 


substantially an inert substanee, any 


increasing the content of diphenylamine. 


ever, proposition. 


powder would be 


place, 
Diphenylamine being 


increase in its content would require an inerease in the 


weight of powder charge, with corresponding increase in 


density of loading in the powder chamber. There is con 
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Pig. 2. 


siderable objection to this, particularly in guns having rel- 
atively small chambers. In addition to this objection, ex- 
cessive amounts of diphenylamine (10 per cent, for ex- 
ample), have been shown actually to decrease the stability 
of powder, because of the basic nature of diphenylamine. 
The content of diphenylamine prescribed during the World 
War—0.5 per cent 
1 per cent in all Army powders, and exhaustive tests have 


has, however, since been increased to 


indicated that this increase will be beneficial to the stability 
of the powder. 

Properly manufactured nitrocellulose powder carefully 
protected from outside influences and stored under normal 
Prior to the 
that 


eonditions will remain stable for a long time. 


introduction of a stabilizer, it was estimated service 
powder should remain in good condition for approximately 
15 to 20 years, and the actual stability life should be eon- 


At the 


present time there are still many charges of cannon powder 


siderably increased by the effect of the stabilizer. 


in serviee which were manufactured from 15 to 20 years 
ago, and which contained no stabilizer, as well as powder in 
bulk storage in zine-lined boxes (capacity up to 140 lbs.), 
both with and without stabilizer, as much as 15 years old, 
which are known to be still in good condition as regards 


stability. 


[N addition to the care necessary in the manufacture of 

smokeless powder, it is essential that certain precautions 
be observed rigidly during storage of the powder, in order 
that its stability may be properly preserved. In the final 
drying of powder, during manufacture, it is impracticable 
to remove all of the solvent (ether and aleohol) from the 
erains. The amount allowed to remain is definitely fixed 
for each particular size of granulation, powder of heavy 
web thickness for use in major caliber guns naturally re- 
taining more solvent than the smaller grains used in field 
Nitrocellulose powder is also appre- 
If exposed to damp atmosphere it 


guns and small arms. 
ciably hygroseopiec. 

tends to absorb moisture, which will, in turn, be gradually 
been the 


lost by exposure to dry air. It has therefore 





Left: Section of Grain Showing Cracks Starting at Sr~face of Perforations; Right: Section of Grain Showing Cracks. 


practice to condition powder at the time of packing, so that 


it contains a definite amount of moisture, in order that 
changes in moisture content during subsequent storage may 
be minimized. A fairly definite content of both solvent 
and moisture is therefore present in each granulation of 
powder at the time it is subjeeted to ballistic tests to estab 


The 


powder should therefore be kept hermetically sealed to re 


lish the charge for the gun in which it is to be used. 


tain this original eontent of volatile material, as otherwise 
there will result a gradual and continual loss of the solvent 
and an inerease or decrease in content of moisture, depend 
ing on the temperature and humidity of the atmosphere. 
Tightly sealed storage cases and well ventilated dry maga- 
zines Which are not subject to wide variations in tempera 
ture are therefore essential to prevent changes in the 
powder which would alter the ballistics given by the estab 
lished charge. 

Such conditions of storage are also of major importance 
in preserving the stability of the powder. It is a well 
established faet that the tendency of all nitric esters to 
undergo aecelerated decomposition is greater as the tem 
perature is increased. Therefore, the lower the tempera 
ture of the storage magazines, the longer we may expect 
smokeless powder to remain stable. Moisture in smokeless 
powder also tends to promote decomposition, and the state- 
ment has frequently been made that heat and moisture are 
the greatest enemies of the stability of powder in storage? 
Many investigators have shown that moisture has a decided 
lv accelerating influence on the decomposition of nitroeellu 
lose,* because of the fact that this decomposition is largely 
hvdrolytie in nature, being brought about by moisture under 
liberated from the nitro 


the influenee of traces of acid 


cellulose. At any given temperature the velocity of decom 
position is greater in a moist atmosphere than in the absence 
of water. 
that while a sample of nitrocellulose prepared in the usual 


For example, the writer has frequently observed 


2A. Stettbacher (Schweiz. Chem. Ztg. 28, 375-8; 1922). 

3See, for example: O. Silberrad and R. C. Farmer, J 
Chem. Ind. 25, 961-73; 26-55; Arms and Explosives, Nov. 
p. 150-2: Technology of Cellulose Esters, Worden, Vol, I, { 


1708, (1921), ete. 


Sox 
1909 
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Fig. 3. Longitudin-:1 Section of Powder G.ain Showa in Pig. 1. 


manner for the 135° C. test, by drying in an open tray at 
about 40° C.,, 


135°, a duplicate sample from which moisture has been re 


will evolve yellow fumes in 1 to 2 hours at 


moved as completely as possible by means of a vacuum 
drier will stand heating at 135° for 5 hours or more with no 
visible evolution of fumes. This difference in rate of de 
composition is entirely due to the difference in moisture 
content of the nitrocellulose. 


In tests conducted at Pieatinny Arsenal, a sample of 


service pyro powder of goed stability, which withstood 
constant heating at 65.5° C. for 400 days without any visible 
evolution of fumes, and which withstood 5 hours heating at 
135°C. 


saturated with moisture and maintained at a constant tem 


without explosion, was stored in an atmosphere 
perature of 50°C. It decomposed with evolution of fumes 
after 175 days of such storage, and a portion of the sample 


Q6 


thus treated exploded in 10 minutes heating at 135° C. 
Similar tests on nonhygroscopic types of powder, developed 
since the war, showed that such powders are still in ex 
cellent condition as to stability after two vears of storage 


in a saturated atmosphere at 50° C. 


Vielle’s investigations have shown that loss of stability 
of nitrocellulose powder is also coincident with loss of 
solvent from the powder, a fact which is now generally 
recognized. This may be explained in several ways. It has 
been suggested that loss of solvent from the hard, tough, 
powder grains may result in the production of microscopic 
eracks or pores, oceasioned by the escape of the solvent 
As this loss 


continues, the porosity of the grains, and consequently the 


vapors from the interior of the colloided mass. 


readiness with which they can absorb moisture from the 
atmosphere, would inerease, and decomposition under the 
influence of this moisture be thereby facilitated. There is 
eood evidence that the solvent, particularly the alcohol, 
plays the part of a stabilizer in the powder, by combining 
chemically with traces of nitrie acid resulting from the 
carly stages of decomposition. This effect is apparent from 
the sweetish odor of ethyl nitrite often observed on opening 
a box of powder of perfectly good apparent stability. This 
ethyl nitrite could have resulted only from action of nitrie 


acid on the solvent in the powder. 


[ T is apparent from the above that the tendency of smoke- 

less powder to undergo decomposition is diminished by 
storage at minimum temperatures under conditions whieh 
preclude absorption of atmospheric moisture and loss of the 
residual solvent in the powder, For this reason the stand 
ard magazines at Ordnance storage depots are well ven- 
iilated and designed to avoid excessive temperatures as far 
as possible. Likewise the standard packing containers for 
powder are individually tested with air pressure in order 


to insure tightness. 


The decomposition of smokeless powder generates heat. 
When decomposition is brought about at a sufficiently rapid 
rate, as for example in the 135° C. stability test, by sub- 
Jjecting the powder to a high temperature, actual ignition or 
explosion of the powder may result. In such a ease, the 
powder at the instant of its ignition is undoubtedly at some 
temperature much higher than the 135° C. to which the bath 
surrounding it is heated. If a small sample of nitrocellulose 
smokeless powder is heated gradually, so that the rise in 
temperature is only about 5° per minute, the powder ignites 
at a temperature of approximately 170°-180° C. In general 
it can be said that both stable and unstable powders ignite 
within this range of temperature. If ignition oceurs when 
| owder Is exposed to lower temperatures, it Is only reason 
that the of heat 
its decomposition, has raised the 


that of the sur 


able to conclude evolution within the 


powder, result ot 


as a 
temperature ol the powder much above 


rounding atmosphere. At least some portion of the mass 


of powder must have been raised to the ignition tempera 
ture of 170°-180° C, 


Such evolution of heat is illustrated in the British “sil 


vered vessel test” for stability of cordite smokeless powder. 


In this test, 50 grams of powder are placed in a closed 


¢lass vessel surrounded with a silvered vaeuum jacket to 


reduce loss of heat; a thermometer is inserted in the center 
of the powder, and the vessel placed in a bath at a constant 
temperature of 80° C, 
itself 
required for this temperature rise is an index of the stability 


When the temperature of the powder 


reaches 82° C., the test is completed and the time 


of the powder. 


iMem. Poudres et salpetres, 15, 61-70. 
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When decomposition oceurs at a slow enough rate, or 
when the mass of powder is small, the heat generated by 
the decomposition will be dissipated at a sufficiently rapid 
tate to prevent ignition. The writer has seen many samples 
of unstable powder, which have been kept in glass bottles 
undergo gradual decomposition up to the point where the 
had lost 


combustible, without a single instance of spontaneous igni 


erains their original form and were no longer 


lion, except in cases where the temperature was quite abnor 
mal, as for example in the surveillance test at 65.5° C. 
(150° F.). 

An experiment with caliber .30 rifle ammunition con 
iaining powder which had been found to have badly deterio 
rated, furnishes further evidence of dissipation of heat of 
decomposition. An entire case of 2,000 rounds (repre 
senting about 15 pounds of powder), was placed in a con 
(122° F.) with the 


bulb of a recording thermometer inserted in the box so that 


stant temperature magazine at 50° C, 


the actual temperature of the eartridges themselves could be 
noted. Within 30 days the temperature of the interior of 
the ease had risen to 65° C, or 15° higherythan that of the 
magazine; it then remained fairly constant at this point 
for 10 weeks, and on continued storage gradually dropped 
5 months, 


to the magazine temperature of 50° after about 


This experiment is still in progress. It is to be completed 
by breaking down some of the ammunition and examining 
the powder. From previous experience it can be predicted 
ihat the powder will be found to have undergone decom 
position to such extent that it is no longer combustible. It 
is believed that spontaneous ignition of the powder did not 
result because of the rapid dispersion of the heat of decom 
position through the metal of the brass cartridge cases con 
tuining the relatively small powder charges, the weight of 
each powder charge being only about 50 grains, while each 
cartridge case contains nearly 200 grains of brass. 

A similar experiment is also at the present time in 
progress at Picatinny Arsenal with 75-mm. gun ammuni 
Nine rounds of this ammunition have been prepared 
These 


were specially prepared by 


tion. 


containing badly deteriorated powder’ charges. 


charges—about 1.5 Ibs. each 
sorting out the grains from a lot of unstable powder so as 
to obtain a mixture of equal amounts of badly spotted un 
stable grains and normal grains of acceptable stability. 
These nine rounds were packed in a standard ammunition 
hox and stored at a constant temperature of 50° C, to ascer 


I 


tain whether decomposition of the powder will progress : 
a sufficiently rapid rate to cause spontaneous ignition. It is 
probable that the influence of the metal cartridge cases will 
serve to prevent ignition of the powder, as it did with the 


caliber .30 ammunition. 


‘THE decomposition ol nitrocellulose smokeless powder Is 
attended with physical changes in the appearance and 
The 


the diphenylamine con 


physieal properties of the eTralns. reaction of the 


produets of decomposition with 
tained in the powder results in the formation of a yellow 
coloring matter which causes badly decomposed grains to 
assume an orange yellow color. Frequently grains are found 
in which decomposition appears to have started locally in 
small spots instead of affeeting the entire mass of the grain. 
These spots are distinetly vellow and become brittle or fre 
quently soft and mushy. As aeidity is developed at these 
loeal eenters of decomposition, the condition spreads eradu 


ally throughout the entire grain, until finally the grain 


becomes so friable that it can be crushed in the fingers and 
can be ignited only with difficulty. 

Such spotted grains were first noted about five years ago 
rranulations of ‘war-time 


in cannon powders of the smaller 
These 


very low stability, whereas the grains of normal appearance 


manufaeture (1917-18). erains were found to be of 


from the same box or charge passed all of the stability test 





Fig. 4. Transverse Section of Powder Grain Shown in Fig. 1. 


requirements for new powder. It is possible that these 


local centers of decomposition are produced from impurities 
in the low grade of cotton linters and hull fiber which it was 
necessary to use during the war, or from tiny knotted 
masses of nitrated cotton fibers which were not torn apart 
in the pulping operation and were therefore not properly 
treed from acidity in the purification process. Their pre 
dominance in powders of smaller granulations is no doubt 


due to the faet that such powders eontain less residual 


solvent than those of coarser granulation, and also to the 
fact that, owing to their greater exposed surtace in a given 
weight, the smaller grained powders have normally a greater 
(nother that 


tically all of the smaller grained powders made during the 


moisture content. significant faet is prae 


World War were dried by the “water-dry” process, whieh 
removal of the 
This 


measure to avoid the delay 1th production which would have 


involves solvent by soaking the grains in 


water. process Was resorted to as an emergency 


resulted from the usual much slower air-drying method 


ordinarily used for all granulations and used during the war 


Water-dried 


residual solvent 


for the larger grained powders, powders 


normally have a lower content of than air 
dried powders of similar granulation, and it is coneeivable 
that the 


tend to 


removal of the solvent by soaking in water may 


leave the nitrocelluloid colloid more and 


liable to 


porous 


? . ° 
henee more absorb moisture during subsequent 


storage, 


A BOUT three years ago a program of tests wv ! te 
to obtain definite information as to the effeet of eo 
tinued storage ot powder which contained thes spotted 
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grains of low stability. A lot of powder for the 75-mm. 
gun, which had been found to contain a small percentage of 
such grains was hand picked and boxes of 140 pounds of 
powder each containing definite proportions of spotted 
deteriorated grains mixed with normal grains were prepared 
and placed in small improvised shelter magazines at atmos- 
pherie temperature in three different locations so as to note 
the effect of variations in climate. The locations selected 
were Charleston Ordnance Depot, near Charleston, 5. C 

Baltimore, Md.; 
Certain of these boxes 


Curtis Bay Ordnance Depot near and 
Pieatinny Arsenal, Dover, N. J. 
were emptied from time to time and the proportion of 
spotted deteriorated grains determined. The, general con- 
clusions from this program were as follows: 


1. The pereentage of bad grains gradually increased in 


every instance, the rate of increase being greater the warmer 


the climate, and the greater the original proportion of 
bad grains. 
2. The 
Charleston where the 
period of the tests approximately 8 degrees higher than at 
Curtis Bay and 15 degrees higher than at Picatinny Arse- 
Furthermore, at each place the rate of deterioration 


progress of deterioration was most rapid at 


temperature averaged during the 


nal, 
was greater during summer than during winter months, and 
all of the ignitions at Charleston oceurred during the period 
from July to September. 

3. Three boxes which originally contained respectively 
3 per cent, 10 per cent and 20 per cent of bad grains, 
spontaneously ignited during storage at Charleston, one 
about the end of the second year and the other two after 
about three years of storage. Information was not avail- 
able as to the content of deteriorated grains at the time of 
ignition, since the periodical sorting of the powder had 
been discontinued prior to that time because of the possible 
danger involved in handling such badly deteriorated powder. 
It is estimated that in each instance the content of bad 


grains was approximately 50 per cent at the 


time of 
ignition. 

It should not be assumed from these results that powder 
stored in boxes cannot ignite spontaneously as a result of 
decomposition until one-half of the grains in the box have 
developed a condition of advanced instability. It must be 
remembered that the powder in these test boxes was emptied 
oceasionally for periodie sorting, whereby opportunity was 
given for the eseape of nitrous fumes, whose presence in 
contact with powder has been definitely shown to exert a 
‘atalysing effeet in increasing its rate of decomposition. 
Also, each of these boxes being stored separately, there 
was more opportunity for escape of heat generated by the 
decomposition, than would have been the case had the boxes 
constituted part of the piles within a storage magazine. 

It is important, therefore, that the presence of individual 
grains of poor stability in stocks of smokeless powder be 
detected by some suitable system of surveillance before 
decomposition has progressed to the point where there is 
danger of spontaneous ignition. 

The only instanee that has been noted of the “spotted” 
type of decomposition in powder of large granulation has 
been in an experimental lot of 14-inch powder manu- 
factured by a special process which, no doubt, accounts for 
its marked instability. Certain grains of this powder have 
been selected for the purpose of illustrating the charac- 


teristic appearance of badly decomposed spotted grains. 
The photomicrographs were prepared by Mr. A. J. Phillips, 
Assistant Chemist at Pieatinny Arsenal. Figure 1 shows 
evidences of advanced decomposition on the surface of in 
dividual grains—grain at left has greenish yellow spots and 
a badly eracked surface; grain at right a yellow spot showing 
local decomposition in a limited area and a badly cracked 
condition of the entire surface of the grain. Figure 2, at 
left, represents a section of the grain and shows these eracks 
extending from the surface of the perforations into the in- 
terior of the grain. Figure 2, at right, shows a part of the 
central section in which the cracks are more distinet because 
of greater magnification. Figures 3 and 4 represent re 
spectively longitudinal and transverse sections of the same 
grain shown in Fig. 1. The progress of decomposition and 
of eracking from the peripheral surface of the perfora- 
tions into the interior of the grain is distinetly shown in 
these photographs. There is no doubt that the cracking is 
the result of expansion caused by decomposition of the 


nitrocellulose. 


Permanent Mechanized Force Recommended 

A RECOMMENDATION for the organization, effeetive in 

the fiscal year 1931, of a Mechanized Foree as an 
integral part of the United States Army, is being considered 
in the War Department. The recommendation was made 
by the War Department Mechanized Development Board 
as the result of a study of the Experimental Mechanized 
Force assembled at Fort Leonard Wood, Maryland, during 
the past summer. 

The opinion of the Board is indicated by the following 
statement in the report: 

“We must recognize that we are living in a machine age 
and in the interest of National Defense the Army must 
‘eut its cloth’ accordingly. In the commercial world the 
machine has largely replaced man power; so, in the Army 
must we, to the fullest practicable degree, use machines in 
place of man power in order that our man power can oe 
cupy and ‘hold’ without terrific losses incident to modern 
fire power. 

“Our country, of all the world, is best able to take ad 
vantage of this.” 

Following are extracts from the report of the Board: 

“The Board has carefully considered the extent to which 
mechanization is practicable in our Army. In any war of 
sufficient import to demand the use of mechanized forces, 
the theatre of operations will be so extensive as to include 
much terrain, possibly entire sectors, where forests, moun- 
tains, and great rivers predominate. When tactical move- 
ment, faster than that of infantry, is demanded in such 
sectors, it must be supplied by cavalry. On the other hand, 
history shows that the heavy fighting takes place in the 
Here again will be found the 
Parts of it will be suitable for 


terrain of easy movement. 
highly organized battlefield. 
attack by armored forces; parts will not. 

“We must be prepared to use armored units to the full 
extent that the tactical terrain permits. We must be pre- 
pared to defend ourselves against the attack of such units. 

“Unless the fire of the defense in position is neutralized 
by armor, by cannon fire, by bombing, and all possible 
means of inereasing fire by automatic or mechanized 
weapons, flesh and blood can not advance over a modern 


battlefield without tremendous loss.” 
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Ammunition Research 


Its Aims and Objectives as Conducted at Picatinny Arsenal 
By G. C. Hale* 


EVERAL years ago Dr. Frederick W. Taylor, who is 
conceded to be the founder of modern scientific man 
agement, announced that, as a principle, there is a_ best 
method or means for accomplishing any given purpose. 
That the methods or means employed in many commercial 
enterprises to obtain the desired results were not usually 
the best from the standpoint of general efficiency was shown 
convineingly by many oi Dr. Taylor’s studies of the ae- 
tivities of large industrial organizations. For example, by 
studying analytically the simple operation of unloading pig 
iron from a freight ear, he succeeded in proving that the 
usual practice which had been established by “untutored 
experience” was wasteful of time and effort and hence un 
duly expensive or inefficient. 

The research and development work of the Ordnance De 
partment may be considered in a general sense as a con 
effort to 


accomplishing certain purposes. 


establish the best method or means of 


Whether the purpose is 


tinual 


the eventual laying of a barrage, resisting an enemy attack 
by airplanes or maintaining an efficient machine gun fire, 
the idea back of the various research problems is much the 
i the most venerally satisfactory 


sume, 1. e@., to establish 


means and method of bringing about the desired result. 

Picatinny Arsenal is coneerned with research and de 
velopment in the field of ammunition, this comprising ex 
plosives, the components in which they are used, and the 
wide variety of raw materials required in their manu 


facture. The effort is to alter existing types so as to over 
come any deficiencies, or to design entirely new types which 
will accomplish their purpose more effectively than the old. 
It is considered that the ideal solution for any ammunition 
problem requires the following principal factors to be 
entirely satisfied. 

1. Utility—EKach component of the complete unit must be 
capable of accomplishing its purpose in a perfectly satis 
factory manner; this obtained, the unit as a whole will 
function in an ideal manner. 

The 


parts of the unit must be available in this country in the 


2. Availability raw materials for producing all 


required amount to take care of any emergency. 
The production of each component of the 


3. Production 

unit must be practicable and accomplished at minimum cost 

and hazard. 
4. Stability 


long periods of storage its original capacity to funetion 


The complete unit must maintain during 
with maximum efficiency. 


EVERY research problem which has been undertaken at 

the arsenal has resulted from a recognition of the faet 
that at least one of the four factors mentioned has not thus 
far been provided for, in an ideal manner, in the existing 
types of ammunition. Thus under the first mentioned fae- 
tor of utility may be grouped problems which deal largely 


with improvement in design. Attempts to develop a de- 


*Chief Chemist, Picatinny Arsenal, Dover, N. J. 


tonating compound which will be free from the known 
faults of mereury fulminate, fuze powders which will not 
have the numerous deticiencies ol black powder, colloiding 


agents for nitrocellulose which will not have the volatility 
and hygroseopicity of the common ether-alcohol solvent and 
yet give a powder that will function satisfactorily in the 
eun—these are all efforts to increase the utility of certain 
components of a round of ammunition so that the round as 


a whole will funetion more ideally. Other problems of this 


veneral nature which have received attention have connee 
tion with the development of more efficient fuzes for bombs 
and antiaireraft guns, more efficient boosters for artillery 
shell, a decidedly weak point in much of the ammunition 
used during the past war, and with pyrotechnic signals 
more intense color and greater candle 


which will give 


power than former types to make them adaptable for use 


at greater range. 


LJ NDER the second point, availability, are grouped all 

problems which have arisen from the knowledge that 
certain raw materials necessary for the production of am 
munition in accordance with existing specifications could 
not be obtained in this country in sufficient amount to meet 
the demands of a major emergency. The laequer formerly 
used as an interior coating for shell, required shellae as an 
this 


ingredient. Since this material is not produced i 


country, it was obviously desirable that a composition be 


established which would readily be available and eapable 


least as well as the lacquer 


purpose at 
The silk varns which have been specified in 


of serving its 
formerly used, 
the past for the weaving of cartridge bag cloth are obtain 
able only from the Orient and this lack of availability of 
silk has made necessary considerable experimentation with 
cloths prepared from other varns which ean be produced in 
the United States. 
tar produets, used as starting materials in the preparation 


The extent to which the particular coal 


of the standard high explosives, could likely be produced in 
time of anv emergency has been carefully considered and if 
deficiencies appeared probable, research programs were out 
lined for a study of new compounds which might be used 
to supplement those formerly established as standard. Here 
again the necessity for the research was not a matter of 
lack of utility of the standard material, but rather the lack 
of availability. 

The difficulty of obtaining raw materials to manufacture 
their standard types of ammunition was of the most ex 
treme concern to the Germans in the past war and was 
responsible for serious research activity along many lines. 
A variety of new explosives was developed and used, 
steel eartridge eases were substituted to a certain extent for 
the standard ones of brass, zine rotating bands were used 
instead of copper, an ammonium nitrate-chareoal propel 
lent powder was introduced to provide for a deficiency ir 
the standard nitroeellulose-nitroglyveerin type, nitrated woos 


rie 


pulp was used instead of nitrated cotton fibers, ete 
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situation could only have been met by the Germans through 
their facilities for extensive research, and their experience 
dictates that it is necessary to consider the factor of avail- 
ability of raw materials as a most important one and de- 
pend on thorough research in peace times to find the best 
possible substitutes for all those items which are expected 


to become deficient in amount during a major emergency. 


[NVESTIGATIONS at the arsenal which come under the 

third factor mentioned, production, comprise all those 
pertaining to improvements in the processes of manufacture 
of explosives and ammunition, including loading, assem- 
bling, ete. Such problems are condueted with the idea of 
effecting economies; economy of time, of materials, of per- 
sonnel, and hence of funds. For example, the process for 
manufacturing smokeless powder has been much the same 
for many years; improvements in equipment and procedure 
have been introduced to effect economy along certain lines, 
but little has been accomplished toward the economy of 
time. Today it takes practically as long to complete the 
manufacture of a lot of large caliber smokeless powder as 
it did 25 years ago unless the water-drying method which 
was introduced during the war, is used. There is fair evi- 
dence, however, that the water-dry method does not repre- 
sent the ideal procedure, because the product is below 
standard in certain respects and the desire, of course, is, if 
possible, to effect economy without reduction in quatity. 
In conjunction with engineering studies toward improve- 
ments in the equipment and methods for the purification of 
nitrocellulose and the methods of solvent recovery and dry- 
ing of smokeless powder, research has been conducted to 
obtain fundamental data needed as a basis for such de 
velopment. The work has included studies on the washing 
of nitrocellulose to free it from acidity, on the rate of 
diffusion of solvent in powder grains, and rate of evapora 
tion of the solvent from the surface under various condi- 
tions of temperature and pressure; in addition, the effect 
of using various temperatures for the drying of smokeless 
powder has been studied from the standpoint of the quality 
of the powder so produced, its stability, the uniformity in 
dimensions and structure of the grains, ete. 

Other problems having for their ultimate purpose the 
improvement of production methods comprise studies on the 
physical and chemical properties of wood pulp and other 
cellulose fibers, gelatinization of nitrocellulose with various 
solvents and the relation between gelatinization processes 
and the character of the gel produced, the removal of 
impurities in tetryl which affect its sensitivity as a booster 
explosive, the purification of TNT to give a better product 
than was used during the past war and elaboration of the 
methods for preparing fuze powders of the black powder 
tvpe in order to obtain greater uniformity in the rate 
of burning. 

These efforts toward improvements in processes or manu- 
facturing procedures must be conducted at the arsenal if 
progress is to be expected since private concerns in peace- 
time are searcely interested to the point of making expendi- 
tures for research along lines which offer little hope for 


return except in ease of another war. 


‘T HE last factor mentioned above is that of stability; this, 
of course, is closely related to the first one, utility, but 
it is considered separately because there are numerous in- 





stances of standard ammunition components having utility 
to a high degree at the time the ammunition is manufac 
tured, but this original serviceability decreasing fairly 
rapidly, because of instability, once it is set aside in storage. 
Many research problems have been initiated at the arsenal 
to gather data on the causes and effects of instability in 
explosives and ammunition. Since explosives are com- 
pounds or mixtures susceptible to almost instantaneous 
decomposition when subjected to disturbing influences, such 
as elevated temperatures, violent frictional or impact forces, 
ete., it is to be expected that they will have a certain in- 
herent instability toward only moderately elevated tem 
peratures. It has proved to be a problem of considerable 
magnitude, however, to establish the inherent limitations of 
explosive compounds in this connection and differentiate 
these from limitations imposed by the presence of harmful 
impurities; such impurities, when present in minute amount 
in an explosive of the highest inherent stability may initiate 
decomposition and thus succeed in attaching the stigma of 
instability to the explosive which operates against its use 
in ammunition. 

The arsenal’s investigations relating to the stability of 
explosives, pyrotechnic compositions and propellent 
powders usually consist of surveillance tests under various 
conditions of temperature and humidity, and_ periodic 
chemical and physical examinations to determine the nature 
of the decomposition, if any, and the rate at which it oe- 
curs. The comparatively rapid decomposition of some lots 
of smokeless powder and the peculiar effect of this in pro- 
ducing spotted discolored grains has demanded an explana 
tion in order that the particular defeets in the raw ma- 
terials, manufacturing procedure or conditions of storage 
which prodneed such inferior powders can be eliminated in 
the future. In this work, the marked influence of moisture 
and traces of acid on the decomposition of the powders 
has been shown and the mechanism of the peeuliar dis- 
coloration of the grains explained. Attention has also been 
given to the fire hazard involved in storing powders con 
taining various percentages of such deteriorated grains. 

Definite data have also been obtained on the influence of 
impurities in TNT and amatol in causing an exudation of 
oil from the charges and excessive corrosion of the metal 
parts of shell; on the changes that occur in pyrotechnic 
compositions upon continued storage—a field in’ which 
there has been almost a complete lack of data in the past; 
and on the rate at which mercury fulminate decomposes 
when stored under various conditions. The relative stability 
of the red and yellow varieties of erystals of explosive D 
has been determined and the effect of certain impurities, 
commonly found in this explosive, on its stability life; the 
data obtained have been used in preparing a recent revision 
of the specification covering this material. The relation of 
impurities in tetryl to its capacity to withstand storage 
under severe conditions has been established and the in 
creased stability of the new FNH propellent powders under 
severe conditions has been demonstrated and the explana 
tion given. 

In constructing the new research laboratories and de 
velopment units now authorized for Pieatinny Arsenal, the 
Ordnance Department is obtaining the best insurance pos 
sible that its ammunition development will keep close pace 
with the general progress of science and will receive the 


close study and investigation its importance requires. 
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Projectile Design 


A Discussion of Tendencies in Modern Practice 


By W. L. 


mobile 


MAJOR 
- ertillery is 


objective in projectile design for 


to have the projectile contain as large a 


bursting charge is consistent with range, stability in 


flight and other tactical requirements. Of course, the pus 


pose for which — the 


Lukens* 


mor-plereins projecti'es. The use of the term 
I ! 


qor-pierecing projectiles lere is intended to mean a pro 
cing properties without reference 


The 


artillery projectiles 


having armor-pie 


thickness or kind of armor penctrated. field 





projectile is to be used | 


will greatly influences 
the 
The 


capacity projectile pro 


projectile design. 


thin walled hieh 


duces a pronounced 


re / 


concussion effeet, whieh 
greatly affects the 


morale of troops under 





TILL bbb dhe, > 


were with few excep 
tions common shrapnel 
and base-fuzed common 
shell (Fig. 1) 
isually of the 


to obtain ef 


steel 
thick 
wall type, 


fragmentation. 


feetive 
The use of high ea 
pacity, thin-walled, 





high ex 








but the thicker 


walled projectiles with 


fire, 
smaller explosive 
charges give a fragmen 
tation which is mor 
effective on troops an.l 
material. 

The requirement for 
and 


greater range 


vreater destructive ef 


fect of 


: 
seacoast artil 


lery projectiles was 
the principal cause for 
developmen 
the World 
gave 


pro YA 


projectile 
prior to 
War. The 
the field artillery 


war 









jectile the most inten 


sive development it had 


ever received and this 


Con 


development is 








LOSS AASAAHAANA 


Y ass = ' designer 
datn with which to pre 






a point-fuzed, 
og |) IY bf plosive loaded pro 
jectiles (Fie. 2) by 


ome of the Kuropean 


countries in the World 
War caused the renewal 
if development of the 


so-called = streamline, 


} 


SS az high 


A Se walled projeetile 
= ; (Fi 3) 





capacity, thin 


4 





World War gave 


‘| HE 


modern ammunition 


it real large seale 


s first 
test under aetual serv 
ice eonditions, and this 
test gave the projectile 
considerable 


pare prael ieal efficient 








tinuing with consider- 
able vigor and thought. 

The current requirements for projectiles are: Maximum 
range with minimum dispersion; stability in flight through 
out the trajectory; maximum destructive effect on target; 
proper relation between fragments and detonating effect ; 
practicability for production manufacture; safety against 
upsetting in gun bore due to the forees obtained upon 
firing, and capability of being practically loaded with the 
explosive charge. 

The 
projectile—high explosive 
high 


shell 


high explosive shell; (e) armor piercing; 


current types of projectiles are: (a) Common 


point-fuzed; (b) common pro 
jectile exp!osive—base-fuzed; (¢) shrapnel; (d) 
high ea 


(Tt) 


chemical similar design to point-fuzed 


pacity semi 
armor piercing, and (g) eanister. 

Prior to the entry of the United States in the World 
War, our major caliber projectiles were principally base- 


charge of projectiles and design of metal 


Arsenal, Dover, N, 


*Engineer in 
parts, Picatinny 


Projectile Designs of the World War and Post-War Periods 


projectile designs, and 


also produced eonsider 


able data on the effect of rotating band design on range 
and dispersion, streamlining and boat tailine, false ogives 
or windshield, and a mass of other information, which 


presented problems that are at this time under consideration, 


The use of streamline projectiles was considered over 


20 years ago and was first used to obtain greater range in 
the seacoast defense projectiles by the ad yption of a wind 
shield or false ogive to the armo1 | iereineg capped projectile, 


There was, however, very little experimental or research 
work condueted to develop a hallistically efficient projectile. 
One reason for the laek of de velopment of such a projectile 
at high 


Wan 


were 


was the lack of information of the results of firine 
World 


higher elevations 


elevations, as the elevations used prior to the 


were usually under 20° and when 


attempted the projectile which was believed satisfactor 
gave very discouraging results. 

The design of a projectile which will give the maxin 
range with the minimum dispersion may be care v mace 
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but, even with the vast amount of data available since the 
World War, the design must be developed finally by ex- 
perimental firing in the gun for which it is designed. 

The design of the projectile to give maximum range and 
minimum dispersion is based on principles which are at 
times conflicting and the best projectile design will always 
For field 


artillery projectiles the designer has to choose between a 


be a compromise of the various requirements. 


thin-walled, high capacity projectile with steel of high 
physical properties, usually obtained by high quality steel 
and elaborate heat treatment, or thicker-walled, medium 
capacity projectiles using medium quality, easily machined 
steel with very simple heat treatment to obtain the re- 
quired physical properties. 

The design of the projectile should be given consider- 
able study to make it economical and easy of production in 
Manu- 


faeturing tolerances should be and are being carefully con- 


quantity, without sacrificing range and accuraey. 


sidered, as unnecessarily close tolerances are at times speci- 
fied to cover points on which there is no available informa- 
tion. Many of the tolerances now specified have been 
determined by actual firing tests and the best method of 
eliminating all unnecessarily close tolerances is to demon- 
strate by actual firing tests that they are not necessary for 
the manufacture of an efficient projectile. 

The percentage of bursting charge is usually an arbitrary 
value, varying with the use for which the projectile is in- 
tended. charges are: Common 
steel shell—fragmentation 5 to 10 per cent; demolition 10 
to 18 


armor piercing—®) per cent. 


Representative bursting 


per cent; armor-piercing—2.25 per cent; semi- 


The rotating band requires considerable attention, espe- 
cially as to its location on the projectile as well as its width 
and material from which it is made. Experiments have 
shown that the resistance of the projectile may be greatly 
affected by small changes in the position of the rotating 
band, especially when the band is placed near the base or 
tail. The least 


sensitive to changes in the form and position of the band 


the beginning of the boat resistance is 
when it is placed well away from the base or beginning of 
the boat. tail. 
War caused a thorough investigation of the rotating band 


Erratic ranges obtained during the World 


design and present designs of rotating band are of the 
non-fringing type, with sufficient size grooves provided in 
the band or to the rear of the band for the excess copper 
obtained upon firing. This eliminates the possibility of the 
fringe, if such fringe is produced, from being forced up 
into an irregular ring or segments of a ring due to gas 
pressure and centrifugal force as the projectile leaves the 
eun bore. The formation of the irregular ring or segments 
made the resistance offered by the air around the projectile 


non-uniform and thereby caused excessive range dispersion. 


‘THE false ogive projectile (Fig. 3) was a product of the 
World War and considerable research has been conducted 
The false 


ogive projectile has better ranging properties than the pro- 


with projectiles with false ogives or windshields. 
jectile without it (Fig. 2), as the false ogive reduces the 
air resistance, places the center of gravity of the projectile 
considerably further to the rear of the projectile, and does 
not increase the weight of the projectile materially. How- 
ever, the projectile with false ogive is not economical to 
manufacture; the ogive or windshield being a considerable 


part of the projectile cost. It is also difficult to machine 
the attaching means concentrically, and a slight eccentricity 
of the ogive or windshield will detract greatly from the 
projectile’s ballistie efficiency. 

The rear end of the artillery projectile also received eon- 
Boat 
tailing is the term most usually applied to the tapering of 
Prior to the World War, the artillery 
projectile base was usually a eylinder, slightly rounded at 


siderable attention during and since the World War. 
the projectile base. 
the rear edge. It has been determined experimentally, that 
if the projectile base is tapered from 5° to 9°, forming a 

» 


frustrum of a cone of approximately 1/2 eal. in length 


instead of a eylinder, the range will be increased. How- 
ever, the increase in range is also generally accompanied 
by an inerease in dispersion, which is assumed to be caused 
by the powder gases escaping through the opening around 
the coned projectile base before it has completely left the 
gun muzzle. 

The current tendency in field artillery projectile design, 
therefore, is to eliminate the false ogive or windshield, and 
obtain by careful designing, a streamline projectile that 
may be readily forged, capable of having its streamline 
head easily formed, and with a minimum amount of machin- 
ing being required. This type of projectile (Fig. 4) has 
been tested and has given very satisfactory results; in faet, 
the results are considered so satisfactory that it is believed 
that the false ogive or windshield type of projectile has 
However, there exists such a wide dif- 


been eliminated. 


ference between the theoretical range of a projectile fired 
m vacuo and the actual range obtained with our most satis- 
factory projectiles in our high velocity guns, that it is 
that 
jectiles from the ballistic and manufacturing standpoints. 


believed the future must give us more efficient pro- 

At the beginning of this article, the seacoast artillery 
projectile was given credit for being the principal cause 
Due to the Washington Con- 
been but 


for projectile development, 


ference on Limitation of Armament, there has 
little development in the design of the armor-piercing type 
of projectile. It has been demonstrated that when the pro- 
jectile holds together, there is no known armor that is of a 
practicable thickness which may not be perforated at normal 
velocities obtained with 


impact, even at the remaining 


modern battle ranges. The tendeney in design of armor- 
piercing projectiles is to obtain a projectile which will 
negotiate satisfactorily armor plate at angles of obliquity 
of 30 


with modern battle ranges. 


to 40°, with the remaining velocities that are obtained 
The problem is quite difficult 
and the projectile requires careful designing and thermal 
treatment, as a projectile with a long heavy body on oblique 
impact has a tendency to whip off the base, due to the 
change in direction of the projectile during the perforation 
of the plate. Frangible types of bases have been suecess- 
fully used to eliminate the possibility of whipping off the 
base of the projectile and exposing the bursting charge. 
To overcome the ballistic inefficiency of a short, blunt 
projectile the windshield or false ogive is used in conjune- 
tion with the cap. 

The use of shrapnel has been so greatly curtailed that 
very little advance has been made in its design. Time-fuzed 
high explosive shell are considered much more favorably 
for use in antiaireraft fire and for certain other specialized 
uses, consequently there has been little tendency in the 
further to develop shrapnel ammunition. 


recent past 
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Seamless Steel Tubing 


Its Use in the Production of Artillery Ammunition 
By G. P. MeNiff* 


ie IS now generally accepted by the best authorities that 
the stalemate existing for the several years of the World 


War between the Allies and the Central Powers could have 


Allies could 
have placed enough ammunition at the front to launch an 
The Entente little better off and 


the result was the extending of the war over four years 


been materially reduced at any time if the 


effective offensive. was 


ending only with the considerable increase in man power 


which made itself evident in 1917 when the United States 
the Just 


this prolongation of activities, it is hard to estimate ae- 


entered war. what losses were incurred due to 


curately but it has been ealeulated that about three hun 
fifty-eight 
losses, cost of maintaining armies, capitalized human life, 


dred and billion dollars, including property 


ete., was spent on the World War. 

Some idea of the tremendous cost of maintaining, equip 
ping and training for war can be obtained readily from the 
fact that the United States spent twenty-two billion dol- 
months and 5 days that they were 


lars for the 1 year 7 


participants. Reduced to smaller time interval and basing 
on two years’ time up to April, 1919, gives an expenditure 
of over thirty and one-half million dollars per day as an 


average or ever one million dollars per hour. In fact, this 


*Assistant Vice-President, National Tube Co., Pittsburgh, 


average is probably low as it covers the entire period and 
takes into consideration the first three months just after the 
United States declared war when the daily expenditure was 
at the rate of only two million dollars. For the next year 


this average mounted rapidly to twenty-two million and 
for the ten months prior to April, 1919, the expenditure 
was at the rate of forty-four million dollars daily. During 
this period up to November 11, 1918, at no time did we 
produce munitions at a rate which was in keeping with our 
theoretical requirements, in fact, we were continually behind 
about six 


declared we were 


What we would have done 


the Armistice was 
months behind our actual needs. 
for munitions without the Allies who had been in the war 


Suffice it to 


and when 


for some time is a matter of conjecture. 


sav that we would not have been able to launch an effective 


offensive or even maintain a suecessful defensive if we had 


The 


Department fully appreciates our deficiency in the produe- 


had to depend on our own production. Ordnance 


tion of munitions and the seriousness of this situation in 
the World War. 


to the extent, that the motive behind our peace-time prep- 


Today it is guided by this experiment, 


aration for production is that we be prepared with peace- 
time equipment to produce the munitions which would be 
required and these with the least possible delay. 


That this production should be accomplished with ma- 





Pa. Prepared in collaboration with H. EE. Passmore of the 
Same company. 
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terial and production costs as low, or to compare with, 
“peace-time” production of “peace-time” products is neither 
to be expected or pertinent. The old proverb that “You 
ean’t have your eake and eat it” holds remarkably well in 
this particular, for, if the flexibility which will permit 
of the production of munitions from peace-time equipment 
is to be obtained, it will probably be at its own expense for 


it ts too much to expeet, except In some related instances, 


can be fitted with suitable dies is all that is required to 
accomplish the desired operations. The cost of producing 
the forging as determined by one small lot indicated that 
the actual would not be much in excess of the old 
method, if at all, and it is believed that with the experience 
gained this could be further reduced, 

Thus the plan seemed to meet the conditions imposed and 


that 


cost 


in addition to this it was found forgings could be 
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produced which were lighter by about 38 per cent than 


that the work be done as cheaply as it could be in special 
purpose machines as against equipment designed for other 
work. This flexibility, however, is paramount if we are 
to prevent a recurrence of the conditions which obtained 
during the World War and it is paramount for we can 
easily afford an increased expenditure if by so doing it will 
insure us against only a few months’ continuance of ex- 
penditures at the World War rate and the toll in human 


life accompanying it. 


fF OLLOWING the decision of the Ordnance Department 

to attempt the planning and production of munitions 
with peace equipment for use in ease of emergency, it was 
suggested that of the of difficulty, the 


procurement of shell forgings, could be overcome by the 


one sources 
use of seamless steel tubing which could be readily formed 
to produce such a forging. During the war, in the produe 
ing of light field artillery ammunition by the cumbersome 
and expensive hydraulie piercing method, the shell forging 
itself lagged considerably behind that of some of the other 
component parts, so that any scheme whereby the manu- 
facture of the forging could be hastened would tend to 
balance production of such munitions. Some of the re- 
quirements to be met in producing such a forging were 
that sufficient capacity of raw material should be promptly 
available, and that it could be readily converted into the 
desired forging at as near a minimum cost as possible and 
that such conversion could be done on peace-time equip- 
ment. 

That there would be sufficient capacity was obvious, when 
it was considered that the seamless tube industry which 
produced about 181,000 gross tons in 1922, has at the pres- 
ent time, with an additional 250,000 gross tons that has been 
added in the last year, a total capacity of over 1,000,000 
gross tons annually. 

That conversion of material to the required shape can be 
achieved without the necessity of slow expensive installa- 
tions of hydraulic machinery, which were used during the 
World War, is evidenced by the fact that an upsetting or 
forging machine, crank press or similar mechanism which 


the old method of piereing in a 


hydraulie press, thus considerably reducing 


those manufactured by 
the amount of 
metal to be removed in machining, also reducing the time 
required and releasing for other uses additional steel ea 
pacity for which, as we know, we become quite pressed in 


time of emergency. 


‘THE plan itself consisted of taking hot rolled seamless 

tubing and cutting to the lengths required to make the 
finished forging, stoving the end shut by means of an up 
setter or forging machine and then hammering down the 
nose. The first step only differed essentially from the 
hydraulie piercing method so that it can be readily seen 
that it permits of the manufacture of the forging with 
equipment that is available in quantity throughout the 
manufacturing districts. In detail the plan is more than 
this, however, and some idea as to how it is accomplished 
may be gained from the following description of the opera- 
tions on a 75-mm. shell which also apply to the 155-mm. 
and other sizes. 

1. The first step in the manufacture of the shell was the 
production of a seamless tube of such size as to forge to 
the required dimensions in multiples of the length of blank 
desired. This was done on the conventional automatic seam 
less tube mill, which ean produce sizes from 1!-inch out- 
side diameter up to 13% ,-ineh, in the same manner as it is 
being done daily in producing pipe and tubing. The manu 
facture of the blanks in long lengths is quite desirable not 
only from a standpoint of production, but also on the basis 
of ease in handling and transportation. 

2. The desired length was obtained by cutting-off the long 
tube on a single spindle eut-off machine which eould be 
(See Fig. :. No. 1.) 
the 


done on any similer equipment. 
3. This unit then 
ameter to obtain the desired smoothness for the charge, the 


length was bored on inside di 
work being done on a drill press using a spiral reamer, 
although this operation could be done on a lathe or other 
suitable machine. (See Fig. 1, No. 2.) 


4. Forming the base of the shell was then done by heat 
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ing one end of the piece to a good forging heat and in 


serting in the grip dies of an upsetter, the punch of the 


machine moving into the internal diameter of the tube, 
forcing the metal therein to flow around its end and fill 
up the space between it and the die. This can be more 


readily conceived of by referring to Fig. 2. Here is shown 


a side elevation of the grip die A with the heated tube B 
at the 


inserted in it, the heated end BI being the back of 


and cause an explosion of the shell before it reached its 
destination. To accomplish this the segregated area was 
drilled out with a %4-ineh drill, tapped and a threaded plug 
inserted. By means of compression the plug was expanded 
resulting in a joint that subsequent tests proved to be 
The means employed in accomplishing this 


Fig. 1, No. 3.) 


5D. The closed end plece with the proper inside diameter 


amply tight. 


operation will be deseribed later. (See 

















Fig. 3. 


A. Grip die B. Cold end of tubs Bl. Hot end 


die. The punch C that has a reciprocating motion is at the 
back of its stroke this being its idle position since it moves 
It 


noted from the end elevation that the die consists of two 


only when thrown in gear with a motor drive. will be 
parts, the section XX being taken through the split or part- 
ing of the die so that the side elevation shows exactly one- 
half of it. 
other half of the split die AT is in the open position thus 


When the punch C is in the position shown the 


permitting the insertion of the piece into the die from 
above. When the machine is thrown in gear the AT half 
of the die moves over into contact with the half A closing 
the gap between them and gripping the tube. The punch C 
is timed to move forward shortly after the die begins to 
close so that complete closure has been accomplished when 
the shoulder E hits the tube. The punch continues to move 
forward to the position shown in Fig. 3, forcing the metal 
of the heated end BI to flow around and fill up the space 
between it and the die. The punch then automatically com- 
pletes its stroke moving back to the position shown in 
Fig. 2, the die opening shortly after the punch begins its 
return, permitting the extraction of the now closed-end 
tube. This description is given of the operation as it has 
been performed. However it is not necessary that this type 
of machine be used as it is possible to perform this opera 
tion machine sufficiently heavy possessing a 


on any 


reciprocating head for moving the punch. The die in this 
case, on account of its particular relation to the upsetter, 
had to be a split one, but we see no reason why a solid die 
eould not be used and the closed end forging removed by 
other means such as permitting it to return with the punch 
and be stripped therefrom or a method of ejecting from 
the die. 


through the inability to obtain a completely welded base due 


One difficulty presented itself in this operation 
the use of a high carbon steel. Examination of the piece 
when cool showed that the closed end was not always com 
pletely shut and in eases when it was, etching showed it to 
he porous and badly segregated. It was then necessary to 
eorrect this condition, as it was essential that this end be 


absolutely impervious to any gases that might seep through 


Forming the Base of the Snell. 
of 


tube. ©, Punch. D. Reciprocating head 


contour, obtained from the punch, was then placed on an 
arbor in a lathe and the outside diameter rough turned and 
the inside diameter trimmed to length. At the same time 
the hole previously mentioned was drilled in the base for 
the plug and the base faced. This operation can, of course, 
he accomplished on several different kinds of equipment, 
removed on the diameter or a cut 
l, No. 4.) 

The next operation consisting of forming the nose was 
of 


swaging hammer, equipped with the proper die to give the 


being 


(See Fig. 


only 3/32-ineh 


ot 3 64-inch. 
6. 
a conventional 600-pound 


then performed by means 


desired nose contour. A rotary swaging machine, or one 
of similar construetion, would probably perform this opera 
tion better than the method employed. However such ma 
chines are not in very general use so it is just as well that 
the possibility of doing this forging under a hammer was 
demonstrated. This was the method generally employed 
during the war for nosing down the forgings so that this 
operation is not a new one. (See Fig. 1, No. 5.) 

7. For the insertion of the adapter and booster, it was 
next necessary to bore out the nosed end on a lathe to give 
the proper size and prepare for tapping which was one otf 
the finishing operations. This end was then faced to length 
on a lathe. Like most of the operations, these were simple, 
being readily performed on the usual machine shop equip 
ment and common to shells made both by this and the 
hvdraulie piercing method. (See Fig. 1, No. 6.) 

8. To meet the specification applying against such shells 
which give definite physical values, heat treating was re 
sorted to, quenching the now formed forging in water, nose 


This 


treatment was such that it gave very satisfactory fragmen 


first, and drawing back at a suitable temperature. 


tation, being still soft enough for finish machining but not 


<o much so that it would not resist the stresses of firin 


9%. Following this treatment, the plug referred to in step 
5 was then serewed into the base after tapping out the hole 
By placing the forging on the mandrel of a 150-ton pri 
the othe 


one end of the plug resting on the mandrel and 


on the anvil, it was possible to expand it by means of com 
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pression and insure 
an absolutely tight fit 
the 


This operation 


between it and 
hole. 
also is quite simple 
and ean be carried out 
on a hammer or any 
stroke 
ism that will permit 


other mechan- 
of proper adjustment. 
This step is not neces- 
sary on forgings pro- 
duced by the hydraulic 
piercing method for 
these, when so made, 
are solid on the end. 
However for this case 
where it is desired to 





the 


colleeted 


for all 
data 


factory 
tiring 

and the fragmentation 
tests 


were, if any 


thing, somewhat su 
perior to the old shell. 
(ne or two deficiencies 
the 
shell, but they were of 


were noted in 
small consequence and 


can be readily eor- 
rected by inspection. 
It will probably oe- 
cur to the readers of 
this article, especially 
those familiar with 
shell machining opera- 


tions, that some of the 


be absolutely sure that Rig. 4. Condition of Tube at Various Stages. equipment used in 
the end is tight, it 1 and Plain tube. 2 and 4. Tube after stoving shut at end. 5. The fabricating the forg- 
. section after nosing down, 6. Forging ready for finish machining. : 


must be resorted to. 
That this method will give the desired joint is evidenced by 
the fact that a number of these shells were tested at 13,000 
lbs. per sq. in. without any of them even sweating after 
being held at this pressure for an appreciable length of 
time. (See Fig. 1, No. 9.) 
QN AN experimental order which was made in this man- 
ner by a commercial manufacturer and then sent to one 
of the arsenals for finish machining and loading, the com- 
ments from the arsenal were quite favorable. They showed 
considerable saving in machining and it was their opinion 
that all the machine work could be done on the usual light 
machine shop equipment, thus differing from the old type 
hydraulie pierced forging which required rugged special 
duty, single purpose machines, specially designed, in order 
to stand up under the heavy boring and rough turning 
operations. Some idea of the difference in euts required 
ean be gleaned from the fact that the 75-mm. hydraulic 
pierced forging weighed 24 lbs. as against 17.25 lbs. for 
the piece from the seamless tube method, or an increase in 
Naturally 


removed 


weight of 38 per cent over the lighter forging. 
such a difference in the amount of metal to be 
creates a saving in time as well as in any transportation 
eosts that might be incurred. This saving in weight is 
also in evidence on the 155-mm. shell, a small quantity of 
which were made at about the same time as the 75’s, the 
weight of the tubing blank being only 127.8 Ibs. as against 
151 Ibs. for the old style forging. The operations per- 
formed on the 155’s were exactly the same as for the 75’s 
and with two exceptions were done on the same machines. 
These two operations were the boring of the inside diameter, 
which was done on a horizontal boring mill, and the closing 
of the base, which was accomplished on a somewhat larger 
but exactly similar forging machine. 

The condition of the tube at the various steps ean be 
gained from Fig. 4. Here Nos. 1 and 3 show the plain tube, 
Nos. 2 and 4 after stoving shut the end, while No. 5 shows 
the section after nosing down. No. 6 illustrates the forging 
ready for finish machining with the upset end plugged and 
the nose drilled ready for tapping. 

The shells after finishing were loaded, proof fired and 
These tests were very satis- 


tests made, 


fragmentation 


ings herein deseribed 
is not as suitable for the specific operation as could be 
obtained. This is true but it should be borne in mind that 
the work was done in a machine shop equipped only for 
plant maintenance work, which gives a rather positive in- 
dication of the type of equipment which can be utilized 
successfully. 

The adapting of the seamless tube capacity of the coun- 
try, together with utilizing available machine tool equip 
ment in the forming and machining, will not only show 
savings of steel required and man power, but greatest of 
all will advance war-time production to at least a six months 
earlier date with accompanying savings of hundreds of 


millions of dollars and human lives. 


French Tanks to Be Destroyed 
‘THE recent approval by the Seeretary of War of the 
transfer Fort Wood, Md., of 
Renault tanks to Aberdeen Proving Ground, and six to the 
marks the disappear 


from Leonard 15 obsolete 


Infantry School, Fort Benning, Ga., 


anee of tanks of French manufacture from the American 
Army. 

After the World War a number of light tanks of French 
manufacture were brought back to the United States. 


Approximately 90 of these were reconditioned and held in 
reserve at Fort Leonard Wood. The French Renault tank 
differed only slightly from the American light tank of the 
same period, The main variation was that in the French 
tanks all parts were made up according to the metric sys- 
tem, while in the American light tanks our own system 
of measurement was used. 

On account of the dissimilarity between the metrie and 
the American measuring systems, a great many parts of the 
two tanks were not interchangeable. In fact, the parts of 
the French tanks were rarely interchangeable even between 
French tanks because of the continental system of fitting 
every part individually. All 
1925. They were held in reserve until 1928, 
when it was finally decided to salvage them. 

A number of these tanks have already been used as 
targets in tank and antitank fire tests. 


will be transported to Aberdeen Proving Ground, where the 


French tanks were declared 


obsolete in 


Those remaining 
te] 


armor will be used in the development of antitank weapons. 
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Ammunition Design 


The Value of Basic Information 
By Wm. B. Hardigg* 


The 


taken into consideration in the 


number of 


MMUNITION 


factors that must be 


design is complex. 


design of a complete round of artillery ammunition is 


surprisingly large. Many of the forees that come into 


play in the functioning of the round are huge and often 


stress the materials used close to their ultimate limit. 


The almost infinitesimally short duration of the more im- 


accuracy, uniformity, dependability and safety are properly 
extremely exacting. 

The art of ammunition design is old and has stimulated 
scientific investigation and discovery to a marked degree 
for the past few generations. The successful ammunition 
designer has always been ready to turn to the scientist for 


assistance, and, at times, has himself gone into the field of 








Architect’s Design of the New Laboratory Building at Picatinny Arsenal. 


portant of the applied forces saves many parts from fail- 
ure. In order that the round may function normally sev- 
eral events must transpire in a definite sequence in an 
almost immeasurably short space of time. 

The ammunition designer constantly deals in extremes; 
it taxes human ingenuity to measure with precision the 
times, temperatures and stresses with which he deals, so 
Like- 


wise the demands, made by those who use his product, for 


these factors may properly be classed as extremes. 


*Chief of the Technical Division, Picatinny Arsenal, Dover 


N. J. Major, Ordnance Department, U. S. A. 


pure science in search of data required for the solution of 
his problems. In spite of the readiness with which usable 
hasie data are accepted by the ammunition designer, and 
in spite of his earnest desire to extend such data, eut and 
try methods and traditional practices are widely used in 
ammunition design and manufacture. 

This condition results from the necessity of keeping in 
service material which though acknowledged to be deficient 
in certain respects, cannot be replaced on account of th 
cost of armament. The funds for Ordnance material b: 


come available in limited amounts year by year and are 
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allocated to the conditioning and maintenance of material 
and improving designs. Except in cases of emergency 
funds are rarely available for replacing in toto any type 
of equipment on hand and any replacement program under- 


taken covers a span of several years. 


SOM KE examples of the results of cut and try designs and 

traditional practices are found in the primer and igni- 
tion systems for cannon, the detonating trains for high 
explosive missiles, and the manufacture of propellent 
powder. 

A comparison of the primers and igniting charges used 
in various weapons in our own service for igniting the 
smokeless powder propelling charges, indicates that primers 
have been chosen primarily from the viewpoint of using 
an existing design or accepting a design previously used 
in some known weapon procured from an outside agency. 
Certainly weight of charge, dimensions of charge, area of 
surface, free air space and composition of propellant have 
not in general been controlling factors in the selection of 
If the test of 


which 


the priming system. a few rounds has in 


dieated that velocities resulted would meet existing 
acceptance specifications the priming system has been put 
into service. 

A review of all known detonating systems in foreign and 
domestic design will show wide variations in quantity, den- 
sity, and arrangement of the initiating agent and even wider 
variations in the booster design. It is also indicated that 
in some systems certain factors are considered to be the 
controlling ones while in other systems these same factors 
are apparently neglected. Again it would seem that these 
systems had been standardized after firing tests had shown 
that a series of shots could be made to meet acceptance 
specifications. The difficulties that would be met in produe 
ing the approved systems in quantity were unknown or un- 
thought of and were muddled through when encountered. 

In the manufacture of powder a routine is preseribed in 
creat detail. The processes are long and involved, and are 
often repeated as a factor of safety. A critical engineering 
study of the necessity for the present prescribed involved 
practices, requiring extensive plant facilities and large 
consumption of water and steam, indicates that the pro- 
cesses may be abbreviated with great savings in case of an 
emergency, and without sacrifice in quality. 

Cut and try methods in development involve the use of 
under one set 


assumed factors of safety. If we find that 


of conditions 15 grains of fulminate are required to 
detonate a charge of tetryl, then 20 grains should surely 
accomplish the detonation of tetryl without fail. 

This assumption, however, is entirely erroneous, if we 
do not take into consideration many other factors such as 
the dimensions, density, confinement, and arrangement of 
the fulminate and tetryl charges. In the setting up of 
factors of safety, we are very apt to disregard factors 
which are not recognized or are overlooked in our desire 
to rush to completion a specifie design. 

With basie data available on many important factors, 
but with eut and try methods predominating, we have ar- 
rived at our present position in ammunition design. How 
ever. we are now faced with ever increasing demands for 
More 


range, more accuracy, more dependability, more penetra- 


greater uniformity and excellence in our product. 


tion, more life in storage, are often repeated demands. 


(CUT and try methods are failing in many instanees to 

indivate the way to further progress. The many factors 
involved in the desired functioning of our complete round 
are not subject to sufficiently close control to permit us, by 
conducting a series of firing trials, to determine the in- 
fluence of the various factors individually. It is not un- 
usual to find that a series of firings planned to demonstrate 
the advantage of a particular arrangement in an ignition 
system, for example, fails to reveal data from which a 
sound The 
involved, some of which are not controlled, is sufficiently 


conclusion «an be drawn. number of factors 
large to prevent the determination of the influence of the 
factors supposedly being investigated. 

To make marked progress in some lines of our work, it 
is necessary that we undertake the slow and laborious work 
of establishing basic data in the laboratory on the influence 
of the variables individually and in groups. 

l-olated bits of data which may be available in textbooks 
or technical journals are often not in sueh form as to be 
applicable to the task confronting the engineer in his de- 
velopmental problems. Available data from such sources 
must be correlated and, as a rule, extended to render them 
applicable to the problems in hand. 

What then is required to make proper progress in am- 
munition design is an organization comprising an engineer- 
ing staff, a laboratory and a testing staff, and well or- 
ganized manufacturing facilities all devoted to the problem 
of developing ammunition. When the designing engineer 
finds himself without adequate data on which to base his 
computations, or when results of tests fail to accord with 
calculations, then he may appeal to the laboratory staff 
for assistance. 

This laboratory staff must comprise chemists, physicists, 
and metallurgists. It is not sufficient that the members of 
this staff be well versed in their branches of science, but 
they must understand the problems of the engineer in suf- 
ficient detail to enable them to establish data applicable 


to the engineers’ problems. 


[)URING the past deeade research in the United States 
Valuable 
It is no small part of the duties of the 


has increased tremendously. information is 
widely published. 
engineering and laboratory staffs to keep abreast of develop- 
ment in their respective fields, and to be prepared to apply 
new information to ammunition problems. The willingness 
of technical organizations in industry and in educational in- 
stitutions to codperate with the Federal establishments is 
very marked. Exchange visits and correspondence with 
outside agencies are likewise an important part of the duties 
of the developmental organization. 

evident that research is 


Just as it is erowing in im 


portance In industry, so is it becoming more and more 


evident that research is to play the same role in ammunition 
development. If research shows the way to make purer 
and more reliable products with less labor and equipment in 
industry, research will indicate the ways for closer control 


The 


deney to eall for more and more basie data is now well 


and simplify the manufacture of ammunition. ten- 


defined in ammunition design and it is entirely proper that 


this tendeney should increase. With constant attention to 


this phase of the problem and with perseverance on the 


part of all American engineers—civilian and military alike 


progress based on aeeurate fundamentals will continue. 
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Efficiency of Artillery Ammunition 


Discussion of Some Problems Connected Therewith 
By A. Adelman* 


HE enormous expenditures of artillery ammunition 


during the World War, the supplying of which so 


severely taxed the resources of the participating nations, 


have many times been brought to the attention of the 


readers of ARMY ORDNANCE. For the benefit of those who 
may have forgotten the relation between the artillery am- 
munition problem and some of the many other large prob- 
lems of munitions supply, it is desired to repeat that about 
fifty-five cents of every dollar spent on ordnanee matériel, 
or about sixteen cents of every dollar spent on all Army 
American Government during the 


activities by the war, 


went for this type of munitions. The unprecedented use of 


artillery with the resultant requirements for artillery ammu- 
nition was one of the surprises of the war. This surprise 


resulted not from the facet that there was an increase as 
compared with earlier wars, but from the extent of the in 
crease, Which was far beyond anticipations. 

Further increased demands, which it is fair to assume will 
be made in the event of another war, might well exceed the 
ability of industry to furnish, and failure to meet these 
demands might prove disastrous. It is therefore a problem 
of the ammunition engineer to determine to what extent 
these inereased demands can-be met by increasing the ef- 
ficiency of the ammunition furnished. 

If the efficiency can be increased so that 10 rounds will 


*Ordnance Engineer, Technical Staff, Office of the Chief of 


perform a mission which previously required 12, the re 
quirements should have been correspondingly reduced; or 
if the improved ammunition ean be furnished without un 
due effort the problem of increased demands will have been 
rounds 


met to the extent indicated. A redueed number of 


of better ammunition has further advantages in redueed 
gun wear, reduced transportation and handling, reduced 
raw material requirements, ete., even if requiring the same 
effort to produce. 

The efficiency of ammunition can be increased in a num 
ber of ways, such as the acquiring of information whieh 
will permit more intelligent selection and use, improvements 
in the accuracy, and by increasing the effectiveness at the 
target. It is the purpose of this paper to outline some of 
the problems relating to these studies, rather than to cover 


in detail work being done in the solution thereof. 


[HE problem of selecting the most effective projectile for 
a given mission is more involved than merely determin- 
between the several well-known such as 


ing as 


types, 
shrapnel, high explosive, smoke or gas shell. The effective 
ness of each of these is dependent upon the method of 
fuzing, which determines the position of burst, and upon 
the method of projection, which determines to a great extent 
the angle and velocity at which the projectile approaches 


the target. This angle and velocity at which the projectile 
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Com»crison of Deviation in Range and Deflection from Center of Impact, Using Fast and Slow Powders. 


Model 


iM 1a. 


Merk IV. 


Ammunition: 
Range: 


Weapon: 155-mm. Howitzer, 





High 
Approximately 


Mark I, Zone II Fuze Short elay 


Shell 
yards. 


Explosive 
1,500 
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explosive shell and for shrapnel, which projectiles are de- 
pendent upon fragments for their effect. The situation is 
complicated by the fact that the fragmentation effect of 
high-explosive shell is increased by a method of projection 
which results in steep angle of fall and low striking 
velocity, while similar conditions result in decreasing the 


efficiency of shrapnel. This results from the fact that the 


effective missiles from 
shrapnel are projected 
forward along the _ tra- 


jectory and depend for 
their effectiveness largely 
on the remaining velocity 
of the projectile at the 
time of burst, while most 
of the effective fragments 
from high-explosive shell 
come from the side walls 
and are projected lateral- 
ly at a high velocity re- 
sulting from the effeet of 
the bursting charge, and 
largely independent of 
the velocity of the pro- 
jectile at the time of 
burst. Reduced 
velocity of the projectile 
is advantageous since less 


linear 


fragments are eéarried 
into the ground. Any 
method of projection 


therefore designed to in- 
crease the efficiency of 
one of these two common 
types of projectile, is 
liable to result in decreas- 
ing the effectiveness of 
the other. 
Among the _ specific 
problems which have been 
undertaken in connection 
with the establishment of 
more or less fundamental 
data bearing on the selee- 
tion and use of ammuni- 
tion are: (a) Shell-shrapnel tests which have for their 
purpose the determination of the more effective of these 
projectiles for given missions; (b) gun-howitzer tests by 
which it is proposed to determine the most suitable types 
of artillery weapons; (c) artillery fire on prepared targets 
such as trenches, dugouts, barbed wire, ete., to determine 
the expenditure of ammunition required to accomplish 
certain missions; (d) determination of the velocity and 
distribution of shell fragments. 
With 


explosive shell and shrapnel, it would appear on first con- 


reference to the relative effectiveness of high- 
sideration that sufficient data should already be available. 
Many tests had been conducted and volumes written on this 
subject prior to the World War. The war, however, in- 
troduced at least two factors which make a restudy of the 
problem essential. First, greatly increased ranges were 
used, which resulted in inereased angles of fall and made 


adjustment of time fuzes more diffieult. This resulted in 





Characteristic Effects of High Order Detonation and Low Order 
Burst—4.7-inch High Explosive Shell. 


deereased shrapnel efficiency. Second, there was a marked 
inerease in shell efficiency, resulting partially from the 
increased range which causes the projectile to strike more 
nearly vertical, thus giving better distribution to the shell 
fragments, but primarily from the use of a fuze which gives 
quicker action and bursts the shell above ground. 

The gun-howitzer tests are closely related to the shell- 
The 


high-explo- 


shrapnel — studies. 
efficiency of 
sive shell fire is further 
increased by the use of 
high-angle fire from 45 
degrees up to 65, which 
brings the angle of fall 
still nearer the vertical. 
Howitzers used during 
the war generally were 
fired at angles below 45 
degrees. 

The tests to determine 
quantities of ammunition 
required for the destrue- 
tion of different types of 


fortifications are essen- 





tial in its efficient selee- 
tion and use. Data are 
not available covering 
present day ammunition 
and modern’ defenses. 
These tests should cover 
not only the different 
types of projectiles, but 
methods of fir- 


ing, such as time, super 


different 


quick, and delay action. 

A number of projects 
are under way with a 
view to increasing the ef 
ficiency of ammunition. 
In the 


above of firing on 


tests referred to 
pre- 
LOW ORDER BURST pared targets, there was 
that a 

ammunition 


due to 





indication creat 
amount of 
might be wasted 
lack of aceuracy which results in a large pereentage of 
impacts being too far over or too far short to have any 
effect. 
increased considerably but, in some, with resultant com- 
Take, for example, 


The accuracy of most types of ammunition ean be 


plication in manufacture and supply. 


ammunition for which the powder charge is 


The chamber capacity is constant 


howitzer 
adapted to zone fire. 
and therefore best adapted to a certain size of charge. 
At other velocities, particularly at the lower zone velocities 
where the density of loading becomes small, greater velocity 
dispersions resulting in increased range dispersions occur. 
This could be somewhat improved by the use of powder 
granulation best adapted to the conditions of loading. The 
best results would of course be obtained with a considerable 
number of granulations, perhaps a different one for each 
zone, but this would be impraetieable from the standpoint 
of supply and use. 

With one of the service howitzers a great reduction in 
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range dispersion (see illustration page 245) has been ob- 
tained by using two powder granulations, one adapted to 
the first five zones, the other adapted to the two outer 
five in ease the charges 
One 


zones but usable also in the first 
particularly adapted to these zones are not available. 
difficulty in connection with this problem is that it is dif- 
ficult to estimate what added cost in the way of increased 
difficulty in production, supply and use, is justified for a 
certain percentage reduction in dispersion. The more ac 
eurate ammunition has its greatest value on certain types 
of targets, restricted in size and definitely located. On the 
basis that the more accurate ammunition should be decidedly 
such targets, and at least 


more efficient for use against 


equally efficient for others, certain problems have been 
undertaken with a view to inereasing accuracy and other- 
wise improving the efficiency. Among these are: 

a. The 155-mm. howitzer probable error firings, in which 
the probable error of present ammunition was determined 
ir all zones by firing a large number of rounds and com- 
parison made with the results obtained with experimental 
powder charges, which greatly inereases the aceuracy in 
the first 

b. A Board,” 


of representatives from the Ordnance Department and from 


five zones. 


hoard known as the “Ignition consisting 
private powder manufacturers, is actively engaged on prob 
lems having for their purpose the improvement in ballisties 
by more efficient means of igniting the charge. 

ce. Powders having non-hygroscopie characteristics and 
adverse storage conditions are 


therefore less affected by 


under development. Some of these are also flashless. 

d. In connection with the development of new powders 
and the study of ignition, powder compositions which ignite 
readily and which otherwise tend toward uniform ballistics, 
are receiving special consideration. 

Projectile design is also being studied with a view to in- 
creasing the accuracy. Exeept in certain special cases, 
however, where particular types of projectiles are not well 
adapted to the rifling of the gun with which used, or in a 
few cases where there are readily correctable defeets in 
details of the projectile design, the greatest range disper- 
sion results from non-uniform velocity given by the pro- 
pellent charge. The greatest improvement in range uni- 
formity may therefore be expected from improvements in 
the propellent charges which will make more uniform the 
velocity of the projectile’as it leaves the muzzle of the gun. 
Projectile design is also being studied with a view to obtain 
range consistent with and with 


ing maximum accuracy 


manufacturing characteristics. 


[N addition to questions as to more intelligent seleetion and 
use, and improvements in range and aceuracy, there are 
certain problems particularly related to inereased effective- 
ness of an individual round, such as 
a. Improvements in detonating trains which have for 
number of duds and 


their reduction in the 


.ow orders. 


purpose a 


b. Improvements in explosives or in methods of loading 
which have the same general purpose. 

ce. Improvements in time fuzes with perhaps the adap 
tion of time fuzes to high explosive shell with a view to 
obtaining increased effeet. 

d. Improvement in the fragmentation characteristics or 
the demolition characteristics of shell. 

With reference to a and b above, any reduction which 
can be made in the percentage of duds will increase the 
effective ammunition supply by just that much and prac 
tically the same ean be said relative to reduction in the 
percentage of low orders, since a low order burst of a high 
explosive shell is little better than a dud, producing neithe1 
demolition nor effective fragments. (See illus 
tration, page 246). The few 


low order have a low velocity and the burst is delayed until 


effective 
fragments resulting from a 
the shell has penetrated, so that the fragments are buried. 
Present ammunition is particularly defective in the high 
percentage of low orders. Development work has pro 
gressed sufficiently to indicate that this defect can be elim 
inated with changes in detonating train which will not 
vreatly increase manufacturing difficulties. 

As stated above, the effectiveness of high-explosive shell 
against personnel was greatly increased by the introduction 
during the World War of the superquick type of fuze by 
the French. This fuze bursts the shell almost instantly on 
impact, although many of the fragments are lost due to 
their forward velocity, resulting from the remaining velocity 
of the shell at the time of burst. The increased effeet which 
would result if the burst could be raised a few feet is so 
great that a number of devices have been proposed to ae 
complish this. None of these suggested up to the present 
time appears to be practicable, so that consideration is being 
given to a time fuze with superquick impact element even 
though such a design may be somewhat complicated. It 
remains to be determined whether the increased effect would 
justify the inereased effort required to produce such fuzes. 

Improvements in the fragmentation qualities of shell hay 
ing in view the further breaking up of some of the long 
fragments coming from the side walls of the shell, offer at 
tractive fields for study, but the solutions offered thus far 
appear more complicated than the probable increased effi 
ciency would warrant. Some solution of the problem may, 
however, be reached in time. 

The problems outlined above, some of which are primarily 
Ordnance problems and others which pertain more directly 
to the artillery service, are nearly all interrelated. It is 
rarely practicable to attain the desired increase in efficiency 
sacrifice in the ease of production or the 


without some 


simplicity of supply. It is therefore necessary to give 


careful consideration in each ease to see that the inereased 
efficiency attained fully justifies any increased effort re 
quired in the production. <A satisfactory compromise be 
tween the various factors such as ease of production, main 
tenance, and supply, with the desired excellence of per 
difficult these problems. 


most part of 


formance, is the 
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Nitrocellulose and Smokeless Powder 
The Modern Trend in Their Manufacture 


By Fred Olsen* 


Ff LATE years there has been evidence of a growing 
Mr. H. G. Wells a few 


years ago produced his “Outline of History,” in which the 


interest in historic research. 


factors contributing to this present and pleasant age of 
hack to the 


Even when at a relatively late date in the history 


prosperity were traced very beginning of 


things. 
of our world man appeared, the limitations of his means 
of defense and offense against predatory animals, who 
considered him as food on the one hand, and against thos: 


animals, which man, in his turn, considered as appropriate 


In this history it is shown that so much has been accom 
plished in the development of explosives in such a relatively 
short time, that the impression may be gained that most 
of the worth while things have apparently already been 
done, rather than the much happier impression that the 
achievements of the past should serve as an inspiration for 
future efforts, the rewards for which may be even richer 
than those of the past. 

It is, therefore, with an innate sense of appreciation of 


the magnificent contributions, which have been made to the 





Fig. 1. Nonuniform Texture of Cotton Linters Containing Neps Contrasted with Uniform Texture of Wood Cellulose Tissue. 


About a 
another important history made its appearance, 
the worthy contribution of Mr. VanGelder and Mr. Schlatter 


food for him, were very apparent. vear ago 


This was 


comprising a “History of the Explosives Industry in 


more than a thousand 


America.” It is a work of pages, 
and is replete with interest, not only to those engaged in 
the explosive industry, but to all those to whom the story 


of achievement makes an appeal. It is not only an account 


of man’s increasing proficiency. in the arts of defense and 
offense, but it shows the manner in which it has been made 
possible, through the agency of explosives, to conquer many 
of the natural oppositions which beset man in his endeavor 
to build canals, railroads, and highways, or to burrow into 
riches which he needs for the 


the earth for the mineral 


maintenance of this present state of civilization. 


*In charge of chemical enginecring activities, Picatinny 


Arsenal, Dover, N. J. 


selence of explosives, that this paper is being prepared. 


It is frankly an effort to read the as yet unturned pages of 


tomorrow's history in the light of understanding which 
vleams from the past. 
‘THE smokeless powder industry in the United States is 


scientiftie 


The 


n the country, who were devoting their lives to the 


only about thirty vears old. number of 


mien 


development ol explosives prior to the World War. Wiis 


not very large. The practical problems whieh they had to 


solve were numerous. The stimulus of the war, although 


ereat, Was nevertheless of a character which resulted in 


practically the entire expenditure of effort along the line of 
expansion, rather than of a systematic investigation of the 
fundamentals underlying the various steps in the proces-ing 
of nitrocellulose and smokeless powder. In the meantime 


the chemical industries of the country have seen a veritable 
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shown that a supposedl|y uniform sample of nitrocellulose 





engineers. No process Wis so well 


The truth of 


invasion by chemical 
Whose nitrogen content was 12.65 per cent actually con 


as high 


established that its basis was not examined. 


every dogma and the authenticity of every precept were sisted of a range of nitrocellulose from as 13.0 per 


questioned. It is no longer sufficient to know that a certain cent to as low as 11.0 per eent. Nor was this condition 


increasing the’ time of nitration. 


following 





thing ean be successfully accomplished by 


certain recipe. 


know not only why it is done in that particular way but 


why it can not be done in 
some better way. 

There are perhaps three 
fae- 


outstanding economie 


tors in the manufacture of 
explosives. These are the 
hazards involved, the length 
of time consumed, and the 
nature of the 
The 


these is inherent to 


specialized 
equipment employed. 
first of 
the nature of the materials 
themselves. It is, however, 
open to question if the pres- 
ent processes will not permit 
of appreciable reduction in 
time, or cannot be carried 
out in apparatus that corre 
sponds more closely to that 


ot the 


used in) many 
chemical manufacturing in- 
dustries. “a q 
The manufacture of nitro 4 al 7 
cellulose and — smokeless 
powder runs very nearly the ~~ ‘ 


entire gamut of those unit 
processes which comprise the 
field of study of the chemi 
cal eneineer. It is perhaps 
true that the manufacture is 
not carried out today in ae 


cordance with the best de 


a completely 


The spirit of the times demands that we 








obviated by 
It is true that with periods of nitration of as long dura 


more hours the degree ot unirormits was 


tion as three or 


ereater, but there were 
nevertheless fibers or por- 
tions of fibers which were 


highly nitrated while other 


portions were ot corre- 


spondingly low degree of 
nitration. A possible ex 
planation of this is not 
hard to find. Cotton linters 
comprise portions of the 


seed hairs of the cotton 
plant and these hairs con- 
narrow and rel 


sist of very 


tubes 


The 


atively heavy walled 


«closed at one” end. 


thick wall of this tube of 
fers a eonsiderab! * resist 
ance to penetration by 


nitrating aeids, and the aeid 
which does penetrate to the 
nnermost parts ol the cot 
ton hair has been weakened 
by interaction with the outer 
lavers of the eotton hair, so 
that its nitrating capacity Is 
reduced, Furthermore, the 


eotton hair owes its Im 


portance in the affairs of 


mankind to the faet that the 


textile industries have been 


uble to take advantage of 


the natural twist whieh is 


velopments of these en found in the cotton hairs 

gineering processes and it 1s and which permits these 

suggested that there may be Fig. 2. A. Hcavy-walicd Twisted Cotton Fiber. SBS. Thin-walied ! rs to be spun into strong 
: ' Eee Spruce Sulphite Pulp. C. Thin-walled Esparto Grass Fibers. ; a 

2 considerable advantage in reads. This twisted char 

the application of modern chemical engineering principles — acter of the cotton hair is responsible for the tendency of 


to these various process steps. 


The first step to be considered is the nitration ol cellulo-e 
in the form of cotton linters. This process COMPprTises the 
steeping of cotton linters in a bath of sulphurie and nitric 
to nitrate a charge of 30 Ibs. 


acids. It takes 25 minutes 


of eotton linters in 50 times its weieht of mixed ae d, the 


operation being carried out with mechanieal agitation at 
30°C. As far as is known no physico-chemieal tests havi 
been eonduected which indicate that the rate of reaction 


hetween the "nleal substance ece'lulose and the nitratine 


acid is so slow as to require nearly half an hour for its 


Even when the present reaction in ¢ mipleted, 


that the 


completion. 


it is found nitration has not been uniform. A 
Mieroscopic examination of a sample of nitroeellulose re 
veals a marked degree of inhomogeneity so that the per 
produeed is fre 


centage of nitrogen in the nitrocellulose 


quently the average between portions which may be econ- 
lower in 


siderably higher and portions correspondingly 


nitrogen eontent than the average. Thus reeent tests have 


which 


cotton linters to form small clumps or matted masses 


themselves offer a considerable resistance to penetration 


hy the nitratine acids. This is, therefore, a second faetor 
tending to inerease the inhomogeneity of the finished nitro 
f lose | 12 l illustrates the difference in texture he 

veen a normal sample of cotton linters containing numer 
o nep- or ¢lumps and the even texture of a sample of 


wood cellulose. he re Z shows 


S116 paper produeed trom 


conparison between the heavy walls of individual eotton 


hairs and the relatively thin walls of forms of cellulose such 
} | al . ~ tha toe 

wood pulp, e-<parto erass, ete. Krom ne s hKipoint 

therefore of unitormityv of produet, and also of the redue 


tion of the time of nitration, the powder maker is in 


cellulose in aA ph seal rorm more 


acids. Not on I n are 


terested in the use of 


easily penetrated by nitrating 


the advantages ot other forms of cellulose than « 


dieated, but an advantage is seen in the use of 


free from neps or knotted elumps in the form of 


sheets of paper exposing always the same 
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the action of nitrating acid and of the subsequent purity- 


ing wash liquors. 


WHEN eellulose has been nitrated, the next step is the 

separation of the acid and the purification of the nitro- 
cellulose.on the one hand, and the utilization of the spent 
acid on the other. It is known that cellulose nitrate ean 
exist in a state of equilibrium with an acid composition 
corresponding to the degree of nitration of the cellulose, 


WATERPROOF NON-CONDOCTING TANK 
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PARTMENT. 
cellulose by Electro-endosmose. 


and that within a fairly wide range of nitrogen content a 
nitrocellulose can be changed to one of a higher degree of 
nitration by immersion in a “stronger” acid, and corre- 
spondingly to one of lower degree of nitration by immersion 
in a “weaker” nitrating acid. In other words, the reaction 
between the nitrocellulose and nitrating acids is chemically 
reversible within certain limits. There is suggested at onee 
the possibility of condueting a process of nitration employ- 
ing a counter-current system whereby the nitrocellulose of 
highest degree of nitration leaves the nitrating bath at 
the point at which the acid is strongest and where the 
cellulose enters the nitrating bath at a point where the 
nitrating acid is weakest. 

Certain mechanical difficulties in manipulating cellulose 
in the form of cotton linters are apparent, which do not 
hold when the cellulose is in the form of a sheet of paper 
of 


nitration, since nitric acid is being removed while water 


uniform dimensions. However, under any system of 


is being added as a result of the chemical interaction of 


cellulose with nitrie acid, there is a weakening of the acid 
which ean be compensated only by the addition of 
“stronger” acid. Since nitrie acid is not available in an 


anhydrous form, or in a form like oleum which is capable 
of actually reducing the water content of a mixed acid, it is 
necessary to fortify the spent nitrating acid by the addi- 
the 


tion of a “stronger” mixed acid which is richer in 


nitric acid and poorer in water than the original nitrating 
acid. In practice it requires the addition of an amount of 
acid greater than the acid actually consumed in the nitration 
process or lost in the mechanical separation of the acid 
from the nitrocellulose. 

In the past the practice has been to fortify as much of 
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NITROCELLULOSE COm-= produce. 


Fig. 3. Schematic Diagram of an Apparatus for Purification of Nitro. 


the spent acid as will meet the requirements of the nitrating 
plant, sending excess spent acid to a denitration unit where 
That portion of the nitric 
the 


preparation of new mixed acid, the weak fraction of the 


the nitrie acid was separated. 


acid which was of sufficient strength was utilized in 


nitric acid usually being employed in the manufacture of 
ammonium nitrate. The sulphurie acid separated from the 
spent acid was concentrated to about 93 per cent strength, 
and used as charging acid in the retorts containing Chilean 
With the the 
use of nitric acid produced by the oxidation 


nitrate. present trend toward 
of ammonia, there is of course no requirement 
for this charging acid, and it is not at all clear 
at this time what utilization will be made of 
the sulphurie acid recovered from the spent 
acid, especially under the conditions of huge 
war seale production. The acid balance of a 
war-time nitrocellulose plant will in all prob 
ability have to be materially modified. 
[N considering the purification of nitro 
ot 

removal 


three 
(a) 
loosely held spent acids. 


cellulose there are factors par- 


The of 
(b) The destruetion 


ticular consequence ; 
of cellulose esters of lower stability. than that 
of the it to 
(¢) The elimination of tenaciously 


nitrocellulose which is desired 
held acid impurities. 

The traditional method for accomplishing 
the 


cellulose to an elaborate sehedule of washing and _ boiling 


these ends has been to subject nitro 
with water, the washing and boiling being continued until 
the ot 
stability. It is a common occurrence for the stabilization 
to involve the use of 100 gallons of water per pound of 
to 100 This lengthy 
schedule of boiling constitutes the most costly processing 


When in addition, 


nitrocellulose complies with certain standards 


nitrocellulose, and occupy hours. 
step in the production of nitrocellulose. 
it is realized that nitrocellulose itself is hydrolyzed by boil 
ing water, it will be understood that no amount of boiling 


An 


analysis of the means of accomplishing the three effects 


treatment can completely remove the acidie impurities. 


desired would seem to indicate the desirability of a rather 
radical departure from previous practice. 

The removal of the loosely held acid mentioned in item a 
above is probably very thoroughly and suitably aecom- 
The 


manner 


plished by a simple cold or warm water washing. 
second of 
similar to that employed in the hydrolysis of any other 


step, however, admits treatment in a 
In this case, it is a question of the most 
of the 
concentration of the solution in which the hydrolysis 1s 
effected. In view of the difficulty encountered in effecting 
a thorough agitation of the knotted of nitrated 


linters, and also because the heavy walled tubes of the 


organie ester. 


suitable time and temperature of treatment, and 


masses 


cotton hair and the neps into which the linters form offer 
so much hindrance to penetration by purifying liquors, 
it would seem to be of considerable advantage to subject 
the nitrocellulose to a beating action prior to the treatment 
for removing the unstable esters. The action of the beater 
is to tear apart the knotted clumps and also to cut the 


individual fibers into shorter lengths and to some extent to 
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surface of the tube to the action of the purifying liquors. 
The beaten nitrocellulose is now in a satisfactory form for 


treatment by appropriate hydrolyzing agents. 


THE problem ot removing adsorbed acidic impurities is 

one which has been considered mainly in the past from 
un empirical viewpoint. It is true that basie principles 
have been considered by certain experimenters, notably Dr. 


Sheppard of the Eastman Kodak Company = f- 


who has patented a process based upon the 
osmotie pressure developed when nitrocellulose 
is immersed in saline solutions. There are, 
however, other fundamental considerations 
which may be applied to the removal of these 
assidiously held impurities. The chemical 
engineer is frequently called upon to remove 
undesirable substances closely associated with 
various materials. For example, contaminating 
substanees ean sometimes be caused to migrate 
from one position in a mass to another more 
favorable loeation by impressing a condition of 
electrostatic potential between the mass and 
the point to which the traces of impurities are 
desired to be moved. This method is employed 
in removing impurities from gelatin, serums, 
hoiler feed waters, ete., and the reversal of the 
process finds application in the tanning of 


Fig. 3 shows schematically an apparatus for 
removing impurities from nitrocellulose by electro 
endosmose. 

An application may also be made of detergent principles 
where an impurity not readily removable by the action of 
water alone is carried away by the cleansing agent. Sur 
face tension or adhesion tension forces may be ealled into 
play to counteract the tendency of the acids to cling to 
the nitrocellulose. 

Regardless, however, of which of these methods or com 
bination of methods finally may prove itself to be the most 
suitable for the removal of the firmly held acid impurities, 
it appears to be certain that the present art can not Jong 
remain in vogue. 

When consideration is given to the process ol heating, 
it is found that the generally accepted view is that the 
process rests upon the experimental work performed by 
Sir Frederick Abel about 1865, who subjected guneotton 
to the action of a beating engine of the type commonly 
used in the manufacture of paper. It is usually stated that 
heating is for the purpose of cutting open the fibers of 
cotton in order to permit the removal of occluded acid 
impurities, If, however, a sample of nitrocellulose that 
has been beaten is examined under the microscope, it will 
he seen that relatively few of the fibers have been opened 
up, and that in many instances the action of the beater 
knives has been not only to chop the fiber in two, but also 
10 crimp the cotton hair at the severed point. There are, 
today, in use by paper manufacturers several types of 
machines which effect widely different changes in the 
physical form of the fiber; among these machines may be 
mentioned the Hollander beater, the Jordan and Claflin 
engines, the rod mill, and the eolloid mill. These ma 


chines may produce either a cutting, flattening, or opening 








open up the tubes themselves, exposing thereby the interior 


of the fiber, With any one machine a rather wide varia 
tion in effeet may be produced by changing the consisteney 
of the stock supplied to the machine, and the size, number, 
and nature of the cutting edges. The present trend is to 
ward the use of a machine which will effeet the maximum 
degree of rupture of the cell walls and the consequent 
exposure of as much of the inner surface as possible to 
the action of the purifying liquors. Not only does the 


opening of the cotton hair aid in’ purification, but the 








leather and the impregnation of textile fabries. Fig. 4. Normal and Bell-shaped Grains of Smokeless Powder—the Latter 
owe their Shape to Improper Conditions of Drying. 


rapidity and uniformity of action, by gelatinizing agents 
In subsequent parts ol the process ol making smokeless 


powder, is also faeilitated 


WHEN thie purification stage has been completed, the 

Water must be removed from the nitrocellulose, and 
this is usually accomplished partly by decantation, partly 
by centrifuging, and finally by extraction with aleohol 

Various means are in vogue in industry for accomplish 
he the dewatering of solids. Where decantation ean be 
cmploved there are the familiar thickening device which 


permit clear water to be removed trom the edve of a mree 


tub while a slurry is being fed to the center of the tub, the 

ze of the tub beine such as to perniit the settling of th 
solids in the time required for the water to travel from the 
center of the tub to the outer edge. The solid<. settling 
at the bottom of the tub, are removed through a bottom 
discharge and have a considerably redueed water content 
Since this solid material is collected continuously, it can be 


discharged to a continuous filtering device where more of 
the water is removed. Design studies are being made on 
equipment of this type for use in the preliminary dewater 


ing of nitrocellulose. 


There are under consideration at the present time a con 
nuous centrifugal device and also continuou ition 

ters, It is a feature of both of these t mM ot equipment 
that 1f the water content of the nitrocellulose has been re 

ineed to approximately ov) per cent, th vater eal De 
removed through the agency of alcohol which pl 


ngainst the eake of nitrocellulose in the cen 


thre suetion filter. Althe uel nitroce lulo f { 
factorily dehvdrated bv aleohol in the present 
press, a considerable effort 1 heing expended ( ] pl 
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these standard eon 
tinuous centrifuges and 
filters in order to avoid 
the delays which would 
the 


in- 


be experienced in 


procurement — and 
of 
press equipment during 
the ot 
an 


stallation hydraulie 
BAFFLES 
early months 


emergency. 





ot which 


highly 


Is 
to 


powder 


STEAM 
COILS ipervious 
the passage of the sol 


vent. The 
analogous to that of the 


Case is 
drying of lumber, when 


the lumber is 


placed in a drying room 


vreen 


containing hot dry air. 
The surface of the lum 
ber rapidly gives up its 


moisture, and in so do- 


























volatile em 







ployed in the gelatiniza 


tion. The gvelatinization ; 


COOLING COILS.— 
OF CONDENSER 


step is earried out first 


[HE remainder of the 
process of making POWDER ine contracts to form a 
powder is concerned BOX ie. S skin through which the 
with the gelatinization == moisture in the interior 
of the nitrocellulose, = of the lumber can not 
with the forming of the = pass without great dif 
gel into grains of pro ficulty, and = this con 
per dimension, and with Fi. “Ss, ARS Gene ee ee a traction is usually ae 
the removal of — the oe — -, = companied by the warp- 
solvents FALSE BOTTOM y S ing of the board. Al 





































in a machine of the 
dough-kneader ty pe 
where the ether is 
added, followed by a _ 


succession of pressig's 


whieh have as their Fig. 5. Design for 


the homogeniz- 
vel, 


from the dough-kneader into a preliminary bloek, ext 


purpose 


ine’ of the 


Waine 


block throueh metal sereens and reeonsolidating tl 


this 


extruded threads into a final bloc The expenditure of 
time and eq ip! ent to effeet these char Sls a Vel cost! 
matter, involvine aeain the objectionable use of diffieulth 
obtainable hydraulie equipment. From studies whieh wer 
made of the process steps involved in the produetlon Oj 
rubber goods, it was realized that a very similar ineorporat 
ing process Is carried out in a much shorter time and in 
a much more thorough manner in properly designed heavy 
duty mixing equipment. A study of the application of 


forces which ean be utilized in the mixing’ of h 


materials has indieated that a modification in 


and dimensions of the kneading paddles ean probably ef 


feet a marked improvement in the manner in which gelatini 


zation ¢an be earried out. 


REFERENCE has been made already to items ¢ 


facture which are time consuming. Two of these are 


The 


step, which has already been discussed. 


first is the purification 


the 


of outstanding importance. 
The second, Is 


removal of the solvent. Ordinarily this latter process is 


conducted in two parts: first, under conditions in which 


all of the solvent which can readily be removed is recovered, 
und second, where the remainder ot the solvent is removed 
in drying houses. The solvent recovery step occupies a 
week, and the drying period from one month to six months. 
Most of this long time of removal of solvent is consumed 
in an effort to make solvent pass from the relatively moist 


conditions existing within the grain through a skin or laver 





’ 
SOLVENT TANK 


This is accomphshed by pressing the charg: 





though the tough horny 


character of a grain of 








powder has usually 





prevented the identifiea 
ot 


the best 


tion any skin, yet 





evidence of its 


existence is probably 


the tendeney which is 


Solvent Recovery Box observed for improper 


ly dried grains to exist 


with bell-shaped ends. This is due to the rapid drying at 


the surface in which the end surfaces are set while the slow 
removal of solvent from the interior of the rain causes a 
contraction of the mass at the center of the grain. In 
hie. tare shown normal and bell-shaped erains;: the latter 
we their shape to Improper conditions of drying. 


The Warping of lumber has been avoided and rapid 


drying achieved through proper control of the temperature 

and humiditv eonditions. In a similar manner, the drvine 

of powder ean be very much expedited by seleeting those 

conditions which are favorable to the removal of solvent 
om be mn? ee ata rate whieh 1 no n excess of the 
{ ; | | ] ; 1,47 ‘ ; ‘ +] 

rate at whieh solvent diffuses trom the interior of the e@rain 


higher than 


o the surface. If the latter rate aiways 

the rate of removal of solvent a cin eannot be formed. 
The schedule upon which temperatures lisave peen 

clevated during solvent reeovery in the past has been 


partienta favorable to this skin formation and the long 


rly 


periods oft drv Ing are due to these ¢ mnditions. The powdei 


should be brought to as high a temperature as is feasible 


and which will not involve undue hazards, or adversely 
aifect the stability of the powder. The rate of removal 
of solvent must be controlled either by the temperature 
of the condenser, the character of the cirenlation, or the 


pressure differential between the solvent bin and the solvent 


condenser, in such a way that the solvent is not earried 


away from the surface more rapidly than the solvent is 


diffused to the surface. (See Fig. 5.). By the application 


of modern practices, complete drying of powder has been 


accomplished in less than three days where more = than 


three months have been required under past practice. 
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Design of Artillery Fuzes 


A Discussion of Problems from the Production Viewpoint 


By G. E. Rogers* 


Hh) design of fuzes for artillery projectiles and air supply difficulties of these fuzes, and to explain in a 

craft) bombs viewed purely as a design problem = is general way how these difficulties are being overeome. 
relatively simple. The objective Is to produce a firing By the World War fuzes are meant, for the purpose ol 
mechanism, plus a detonating train, which will be safe in — this article, those point-detonating fuzes which were pro 
handling and transporting and which will function depend duced in large quantities and which functioned with rea 
ably. The mechanisms whieh ean be used are well known — sonable satisfaetoriness. These are the Mark IIT and 
to evervone who ha- Mark lV point de 
made a study of the tonatine fuzes, basi 


art, and the = forees cally of Krench de 
sign Figures 1 and 


») 


which must be resisted 


and which ean be used illustrate these de 


are subject lo deter S17uns, together with 





mination by relatively ; the units which go to 
sunple and strareh raisake up each fuze. 
forward methods. The Two fuzes are pro 


groundwork OL theory 
has lone been Ab | ferent tactieal require 


down, and the ae “ ments. The Mark III 


j Oo $ vided to meet the dit 
signer working on r ’ 
tuzes follow- Iti hi 
\ 


¢ 
fuze is designed to 
~ 
© function on impaet 
ealculation paths a 4 with what is known 


ready cdefinitel rack 


? oO as superquick action, 
that is, th Lunetion 
Ing’ occurs betore the 


inventing el sulle rodly 9 nose OL the hell pro 


ed out for him. 


, ’ 
For some reason the - . 





new fuze mechanism per has penetrated the 


seclus to exereise a eTround This aetion 
trange Tasemavion on Fig. 1. The Mark III Point-detonating Fuze with its Component Pzxrts gives the maximum 
inventors having a elfect against person 
ensual knowledge of the art, but an invention having the nel in the open when used in high explosive shell and re 
combinntion of ! eness iseful applica lon = very ts m maxnnum etfeetiveness of chemieal and = smoke 
seldom Seen, The rove statement si ipl means that the mixtures when used mn chen eal and <moke shell. 

ize inventor, like the fuze designer, is traveling along the The Mark IV fuze was made in three tvpes durine the 
sume, or at most parallel, paths to those which have been war: non-delay, short delay. and Jone delay rhe non 
traveled hy those who have gone before, delay action, dye to the faet that funetionine oceurs by 

All of the above ts a lone wav of saving that fuze design inertia of the plunger on retardation of the shell. is too 
and tuze on occupy a very narrow field. The only low to give a burst entirely above the eround. and hen 
part ol the design which cannot be developed alone entirely wi low effectiveness aeainst personnel or in distribution 
rational line I { part relative to the detonating train, of gas or smoke mixtures. The short delay type, funetion 
and here, itt t be ncmutted, personal hdieas Or pre udices ine the shell .05 seeond after impact, results in practieall 
have ruled. Th fault has been to a large extent correeted maximum penetration of the shell betore funetionin OC 
by the accumulation of data by Pieatinny Arsenal, and ex curs, thereby giving maximum mining effect. The long 
periments to accumulate further data are continuing to th delav, tunetionine .15 second after impact. is unnecessary. 
uitimate advantage of the fuze designer and the overthrow as .05 second is usually sufficient delay to enable the shel to 
of the rule of prejudice. come to rest in the ground before funetionine oeceurs. 


Considerine the above as a digression and returning to oe minpmeibed eel Seer eaHee” -_ 
“0s “CTILGCE s LOS ni acturine dithe 
the main subjeet, it appears that the fuze designer would ties at the start of production, due in most eases to small 
] 4%: ° : ° 

i is ; ’ . ] ‘ » ust <a \ nt Ms : : 

have an extremery difficult tine — 1L\ hi employ men tolerances. The designs were basically eorreet but the 

) Is ‘kk vear after vear. Why, if all the above is . : 

me Sent ee ee _ 4 ‘ the : limitations of machines had not been taken into proper 

true, are not the World War LuZes eood enough, and why . as e : 
' consideration, with the result that numerous coneession 


“ve 2 mough alone? The prineipal answer to 
not leave goed eno el I as to tolerances had to be made—eoneessions which in the 


is s is——ease of pr ‘ti a SI lv. The at a , 
this question 1 east of production nd suppl; The majority of eases could be made without interfering with 
tempt. will be made to point out some of the production and : ; : ' 

I the salety or functioning of the fuze. 
*Eneineer in charge of development of fuzes for bombs 


ead entitieey ammunition. Sleatieny Aves, Gover, M. 3 The major cause of difficulty in attaining real production 
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was due to the entire lack 


of any preliminary plan 
ning for the work, and the 
necessity in the time of [ 
emergency of accomplish- 
ing all of the 


practically 


planning 
work coneur- 
rently with that of produe- 
tion. This fault is being 
corrected by the war-plan 


BOND CBC 
6 a 
WT © 


Tir 


ning activities. 
But 


fects 


the most serious de- 


oceurred because the 
fuzes, as designed and made, 
are only a part of the ma- 
before a 


terial necessary 


detonating train, capable of 
exploding a high explosive 
available. 


loaded shell, is 


The fuzes contain a primer 
and a detonator as explosive 
components, and the detona- 
tor, containing 30 grains of 
fulminate of 


incapable of 





mereury, is 
detonating the 
shell 


such as 


© © 
a = @ WA 
© ® © © © 


relatively insensitive 


filling explosives, 
TNT and amatol. 
the gap between the detona- 
shell 
sensitive 

Grade I 
incorporated in the 


To bridge 


® 


tor and the filler, a 
explosive, 
TNT, is 
shell, 


which ean be detonated de- 


more 


tetryl or 


=e e 
© 


pendably by the detonator 
of the fuze, and which will, 


Pig. 2. 
the shell ‘s 


in turn, detonate 
tiller. 

The charge of more sensitive explosive (tetryl or Grade I 
TNT) is ineclosed in a metal container and the assembly is 
called As used, the booster is combined with an 
adapter, which reduces the opening of the shell to the fuze 
thread size. Such a called an adapter- 
booster, and this element must properly be considered as a 
Figure 3 shows the completely 


a booster. 


combination is 


part of the fuzing system. 
loaded 75-mm. shell with the adapter-booster in place, 
accommodates either the Mark III or Mark IV fuze. The 
adapter-booster is shipped with the loaded shell, and fuzes 


of both types are provided in proportions estimated to meet 


which 


the requirements of the using service. 

The thus far brings out the 
tactical requirements for field artillery can 
superquick fuze and a short delay (.05 second) fuze. By 
with the fuze and designing 


fact that all 


be met by a 


diseussion 


combining the adapter-booster 
the latter so that it can be set at will for either superquick 
action or short-delay action, the entire strategic needs of 
the field artilleryman can be met and the procurement dif- 
fieulty simplified by eliminating the adapter-booster as a 


separate unit. 


f*UZES made during the World War were shipped sepa- 

rately from the round, due to the dangerous condition 
which would have been created by shipping the fuze and 
shell together, as a fuze in which the detonator accidently 





20OGGRO (9 adooe of 


MOO@aOM® 


SS -_ 


The Mark IV Point-detonating Fuze with its 
Component Parts. 


functioned during transpor- 

caused 
shell to 
which it was assembled, and 
through that shell would 
have caused mass detonation 


tation would have 


detonation of the 


the entire load of ammu- 
nition. The separate ship- 
ment caused serious diffieul- 
to total lack 
of fuzes or of those of the 


kind, at the battery 


Se | 
ties, due either 


proper 

i) i! © position. 
This condition ean be eor 
as applied to the 
units, by 


rected, 


©) 


divisional artillery 
shipping the fuze assembled 


@ to the this 


the fuze must be of a type 
a ° 


round, but for 


(o) 
VS 


which will not cause detona- 
tion of the round during 
should the 


fuze aeei- 


transportation, 
detonator of the 
dently funetion. 
We have thus built up the 
requirements for the fuze 
for use with divisional artil 
It must be 


(a) capable of being set to 





lery as follows: 


give superquick action or 
short-delay action at the will 
of the 
ficiently safe 


gunner; (b) suf 
in transporta 
tion so that it can be ship 
ped assembled to the round; 


(ce) a combination of firing 


mechanism, detonator and 
booster in one unit, and 
(d) readily manufactured on existing machinery with 


sufficiently large permissible variations to avoid a large 


percentage of spoiled work. 

These are not the complete requirements ot the fuze, but 
for the The reason 
for the first requirement is 
the fuze factories of the 


present purpose they are sufficient. 
simplification of procurement 
country 


and supply, by enabling 


to concentrate on one unit, and by filling the fuze needs of 
the artilleryman with this one unit. 


The assembly of the fuze to the shell at the loading plant 
eliminates the need for separate fuze packing boxes, thereby 
redueing the expense of preparing for shipment and re 
ducing materially the volume factor, enabling the packing 
fuze, 


including the in a complete 


which is not opened until the 


of the complete round, 
round, waterproof container, 
round is required for the gun. The fuzes are more ade 
quately protected against the effects of inclement weather 
than can be hoped for when fuzes are shipped separately 
and opened in bulk at the battery position. The supply 
problem is simplified materially, as ammunition, if avail- 
able at all, is completely available. 

Combination of firing mechanisms, detonator, and booster 
ip one unit simplifies the problem at the loading plant as 
the complete fuzing system is inserted into the loaded shell 


in one operation. Important from an explosive standpoint, 
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is the elimination of the air gaps which are unavoidable 
with separate units, and which can be eliminated entirely 
in the fuze which combines them within one structurally 
integral unit. The air gaps reduce materially the detonat 
ing efficiency and by their elimination the size of detonator 
ean be 


and booster 


reduced without de 
ereasing the depend- 
ability. 

The 


of whether newly de 


determination 


signed fuzes ean be 


manufactured readily 





on existing machinery Fig. 3. 


ean, in general, bs 

made by running through pilot lots of the designs using 
production machinery, using machine set ups. which, with 
out involving a large expenditure of funds for complicated 
tools which might later prove useless, simulate practically 
the production set ups. In many cases, however, it is con 
sidered desirable to check the judgment of the local or 
ganization and in those eases the Distriet Ordnance Offices 
The 


manufacturers in 


chiefs of 
their 


are appealed to for opinions. executive 


these distriets consult with the 


localities who are meeting shnilar problems. The services 
rendered by the manufacturers and the district offices in 
these ereatly 


appreciated by the designers. 


instances are of very great value, and are 


Examination of modern ammunition component drawings 
that individual 


The tolerance in each case is as large as 


will show each dimension is given an 
tolerance. fune 


tioning or ballistie considerations will permit. 

These tolerances have proved practical in production lots 
and are considered as important as the basie dimensions. 
The really ecritieal dimensions and tolerances, particularly 


those affeeting clearances between parts which move with 


relation to one another, are fixed by conducting exper! 


mental firings with selective assemblies representing the 


possible minimum and maximum clearance conditions, and 


determining whether functioning oceurs under these con 


ditions. In checking drawings for interferences or cleat 
ances, the maximum and minimum conditions are considered 


in combination throughout the design, and when it is con 


sidered that some of these conditions may be atfected by as 


many as 10 or 12 dimensions with their tolerances, it ean 


be seen that it may be necessary to restrict certain of the 


tolerances entering into this combination more closely than 
lead believe. 


a superficial consideration might one to 


‘THE manutacture Ot a complete fuze has two phases, 
which may be called the metal phase and the explosive 
the manu 


load 


were designed sO 


phase, that is, after metal parts have been 


tfactured, inspected and accepted, it Is necessary to 
and assemble them. The war-time fuzes 
that the loader was required to start with completely dis 


fuzes and place the explosive materials in the 


assembled 
containers provided for them and then completely assemble 


the fuze. This introduced into the loading plant a great 


number of small components with attendant storage, inven 
tory, and assembly difficulties. 
In the fuzes now being designed every effort is being 


made toward the end that a large proportion of the com- 





Loaded 75-mm. Shell with Adapter-booster in Place. 


ponents can be permanently assembled by the metal part’s 


manufacturer, As a specific instance, the point-detonating 


fuzes now being developed will be shipped from the metal 


part’s manufacturer so that the entire head and_ striker 


disturbed by the loader. 


assembly of the fuze will not be 


The loader will load a 


delay element and de 


tonator, and form a 


booster pellet. These 


three explosiy e eom 


ponents will pe im 


serted in the metal 





parts and the body as 


sembly (made by the 
metal part’ manu 
facturer) containing the detonator and booster pellet 


added by the loader) will be serewed to the head as 


sembly (assembled by the metal part’s manufacturer) and 


locked to it by foreing metal from the head into slots 


No machining operations will be 


the 


provided in the body. 


performed in the loading plant.  Ineluding cup and 


cover dise for the detonator, the loader will handle 25 com 
ponents, considering the head and body assemblies as made 
by the metal part’s manufacturer as one unit each. This 
a complete de 


the 


number applies to a fuze which supplies 
tonating und the 
case of the Mark IV point-detonating fuze, a single 


train feature of selective delay. In 


pur 
pose fuze which does not include the booster, the corre 
sponding number of parts is 24. 

The opinion may be formed that a very expensive fuze is 
hound to result from the incorporation in the fuze of the 
aetion. The 


Mark III 
for the 


features of detonator safety and selective 


fuze is expensive, when compared to the cost of a 
or Mark IV fuze, but 


when due allowance is made 


certain 


fact that both these fuzes must be supplied for a 
proportion of the rounds, in order that the tactical re 
quirements may be met, and that boosters are required as 


separate units, the cost of a fuzed round is not increased 


materially. The advantages of being able to concentrate on 


single tvpe of Tuze in production and of shipping com 


additional cost. 


plete tuzed rounds Is obtained nt little or no 


To Test Antitank Weapons 


‘T HE issue of two 37-mm. guns with carriages and per 

taining equipment to eacl Regular Army cavalry regi 
mental machine gun troop for an extended service test ha 
heen directed by the War Department with instructions that 
the test Upon the conclusion 


eover a period Ort ome vear, 


of this test reports ill be rendered to the War Department 
in which specific recommendations will be made 

The powers and limitations of the weapon ryving 
ranges against likely objectives will be indicated by firing 

various types of targets, such as stone, brick, and adobe 
MM alls, earthen and sand bay emplacements, is vel it 
provised moving targets simulating armored cars and tan} 
It is further desired that the tests rive al ndieation as to 
the practicability of transporting weapons and am 


In spring wagons, light trucks, cross-country ¢a1 


provised packs or by a combination OL some ot 


The tests will include preliminary instru 
}  —— r 
nel in the functioning, 1 nlenanee ) 
tacties ot he veapor = preseril , 
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Density of Explosive Charges 


An Important Factor in Loading Ammunition 
By Fred Hawkes* 


HE density of a substance is the mass or quantity of 
matter of a substance per unit of volume. It is there- 
fore measured in units of weight. The specific gravity of 
a substance is the ratio of the weight of the substance to 
that of an equal volume of some standard substance, usually 
water in the case of solids and liquids. The specific gravity, 
therefore, is a number only. These terms are often mis 
used, particularly in explosive loading, the specific gravity 
frequently being termed the density. The term density will 
be used as a rule in the text as it is the more commonly 
known. 

Density plays an important role in explosive charges. 
The explosive in detonator, delay element, booster, and 
shell must be sufficiently compact to resist movement due to 
set-back on firing the fuzed shell from the gun. In armor 
piercing shell the additional factor of set-forward must be 


considered as this is extreme in the ease of, say a 12-inch 


Any movement of the explosive charge in the detonator, 
hooster, or bursting charge may produce premature bursts 
or failure to burst, and any movement of the delay element 
may result in instantaneous functioning instead of the re 
quired delay. The result of movement as regards the pro- 
s dependent upon the sensi- 


duction of prematures, ete., 


tiveness of the explosive, being particularly extreme in the 
mereury, and of least 


case of the sensitive fulminate of 


lnportance In the comparatively insensitive explosive D. 
These questions are dealt with in greater detail in an article 
entitled “Ammunition Loading and Assembling” by the 
writer, in ARMY ORDNANCE, Volume II, No. 10 (January 
1922), and discussed 


Kebruary, therefore will not be 


further here. 


()NE of the greatest problems facing the loader of amnnu 


nition is to load so that the most satisfactory density 








armor-piercing projectile penetrating 12-inch armor plate. of the various charges is attained. The density mu-t be 
In bombs, compactness of the explosive charges must be ufiiciently high to preclude possibility of movement of the 
obtained so that movement of the charge may not result arge under the stresses of firing and impact, and vet be 
on impact of the bomb with a hard surface, particular’y sutticiently | o be nsilive enough to give dependable 
when penetration is desired, as when delay fuzes are used, funetionine. 
; 
- Explosives may be charged into their metal components 
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Pressure-Specific Gravity Curves: High Explosives. 
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In the loadine by pressmg method the chief difiieulty i ‘ en-itv has two evil re { \ failure or low order may 
to vel the consolidating pressure tral ilite . a ré from the existence around the booster ob explosive 
mass as evenly as pos ible so as to get a mall a }) Lyle : | h densitv. and 1 ore ina ke el ve condition, 
nh variation of den it\ through the resultine’ cha A her on of low «del Se Lita nllow movement of the 
fairly even distribation ef density ern be obt | charge due to set-back, he resulting possibility, par 
fying the foll ry con ons Which, however, iu-t be { larly im bas t shell, of a premature due to impaet 
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Faulty Loading of Boosters due to Careless Volume Measurement of 


Explosive and Pressing in one Operation. 


simatol was placed in the shell in increments, the number of 


which was decided by the size of the shell. The first opera- 
tion of loading was to place these increments in the shell 
in either of two ways: 
a serew filling machine to a speeifie gravity of, say, 1.1. 
In the case of the 18-pdr. shell the charge was pressed in 
one operation, a sleeve being screwed into the nose of the 
shell so as to hold the excess quantity of the explosive 
This 
explosive in the sleeve was usually TNT so as to form a 
TNT surround 


as the booster cavity and fitted with a cardboard washer, 


which had not been malleted by hand into the shell. 


for the booster. A ram, shaped the same 
was then forced into the shell through the sleeve by means 
of an hydraulic press, and on withdrawal left the cavity 
ready for the steel container (booster easing). This prae- 
tically completed the charging of the shell, the only other 
operation necessary being the serewing in of the steel con- 
tainer. In the case of larger shell, the first operation of 
pressing was done by means of a pointed ram, and it was 
the shape of this pointed ram which determined whether 
or not the density of the charge was evenly distributed. 
Visits to various factories carrying out this operation led 
to the conclusion that a ram could be too pointed or too 
blunt. A sharp-pointed ram pressed the explosive with a 
maximum lateral pressure, and a blunt-pointed ram pressed 


the explosive with a maximum downward pressure. The 





Kither by hand malleting, or by 








first-named ram produeed a fairly even density, 
the seeond produced a region of extremely high 
density underneath the ram. The use of the 
pointed ram, however, was undesirable in that 
the shape of the bottom of the cavity produced 
thereby was such as to prevent the pressure of 
the second pressing from reaching the bottom 
part of the explosive placed in for this second 
pressing, with the result that at the bottom of 
the cavity, previously made by the first ram, 
there was a locality of either very low density 
or an empty space, a condition to be avoided 
in view The dif- 


ficultvy was attended to in one factory by mal- 


of the danger of set back. 
leting-in the first portion of the second charge, 
but this meant labor and attention on the part 
of the foreman in charge. From these con- 
siderations it was decided, and experience con- 
firmed the decision, that a ram with a round 
point should be used. 

As previously stated, the above experimente- 
tion was earried out with 80-20 milled amatol. 
When a round-pointed ram was tried, however, 
with explosive D unsatisfactory results were 
Amatol 


eould be 


obtained. has cohesive qualities and 


therefore consolidated by the rams 


used. With explosive D, which consists of hard 
particles, the pointed rams (of cross-sectional 
area much less than the eross-sectional area 
of the shell cavity), produced very little com- 
pression of the explosive D as the explosive 
flowed up around the ram. The shape of the 
cavity also in armor-piereing shell, being wider 
at the mouth, allowed this flow, whereas in the 
point-fuzed shell, being loaded with amatol, the 
constricted nose of the shell promoted compres 
With explosive D 
the best ram is a flat one with a cross-sectional area as near 
as possible to the area of the part of the eavity of the shell 


In the tapered part of the shell, larger clear- 


sion by retaining the charge in the shell. 


being loaded. 
ances between vam and shell wall must be allowed to pre- 
between ram and shell wall near the end 


vent contact 


of the stroke. 


‘THE packing qualities of a substance depend upon the 

shape of the particles, and upon the size and grading of 
the particles. Rounded grains tend to pack better than sharp 
cornered ones, since they slide into place more readily. A 
substance formed of particles of properly assorted sizes, 
with proper proportions of these different sizes will pack 
best. An indication of the packing qualities of various 
samples of the same substance can be obtained by ascertain 
ing what may be ealled the “bulk density” of the samples. 
A standard container, say a pint measure, is filled with the 
definite 


investigation from a 


The top of the contents of the 


granular substanee under 


height through a funnel. 
container is then made level by means of a straight edge, no 
shaking or other means of compacting being resorted to. 
The weight of the substance is then ascertained, and this 
weight is considered the “bulk density” of that particular 
The 


weights of the various samples of the same substance give 


sample for the particular unit of volume taken. 
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an indication of the relative packing qualities of the sam 
ples, and therefore give an indication of the ease or dit 
ficulty with which the ultimate required density may be 
obtained. It has been noted that finely divided explosive D 
takes a higher pressure to obtain a given density than a 
Experiments carried out with ammonium 


Stull highe 


eoarser material. 
nitrates for use in amatols have confirmed this. 
densities due to better packing qualities can be obtained by 


and re 
1 


separating the constituent grain sizes by sieving, 
blending in accordance with Richardson’s “ideal mixture.’ 
Thus 


gravity of 1.07 when extruded from the extruding machine 


an ammonium nitrate, as received, gave a 


specific 
usually used for 80-20 amatol loading, whereas after siev 
ing and regrading as nearly as possible in accordance with 


“ideal 1.145 


In the case of explosives, however, which 


Richardson’s mixture,” a specifie gravity of 
was obtained. 
have a soft crystalline structure, or which consist of crystal 
aggregates loosely held together, sieve analysis gives very 
little indication of packing qualities since, in pressing, these 
soft crystals or erystal aggregates are broken down. 

It should be noted that in specific gravity determinations 
of compressed explosives, particularly those compressed by 
high pressures, the specific eravity of the samiple removed 
from the shell or die into which it was compressed is less 
than that of the explosive in the shell or die. Tests have 
shown that pieces of explosive D removed from the shell or 
than 
be 


may have a specifie gravity as much as .1 less 
held shell 


taken when ascertaining the specific gravity of a 


die 


when in the or die. Great eare must also 
sample 


by the mereury immersion method to have all surfaces of 
the sample as smooth as possible. 

It has been shown by actual experience that fast pressing 
leads to uneveness of density, especially in the case of sub 
It would appear that the 


wrongly 


stances of poor packing qualities. 


erystals, especially when they are angular and 


graded in size, are not given time to flow into position when 


pressing takes place quickly, but jostle and jam one against 


the other, leading to poor packing and a rewion of high 


density around the ram. This advantage ot nniproved charge, 


due to slow pressing, however, is to be balanced against the 


extremely lnportant question of speed ot production 


BOOSTERS were previously loaded by pressing the whole 


charge in one operation directly into the booster casing. 


This gave uneven density and a region of high density 


socket. Boosters are now loaded by means 


around the tuze 


of pellets made in a pelleting press, and this leads to im 


proved results. The best results, considering q lalitv of the 


product and production economy, are obtained by making 


pellets, the height of which is not more than one-and-one 
third times the diameter. By this means a pellet may be 


obtained, having a range in density of the various 


within the range allowed by specifications. 


Higher pressures must be used to obtain the same average 


densitv of explosive of smaller diameter than 


In a commn 


in one of larger diameter. since practically all booster 
eavities are evlindrical in shape the question of the shape 
of the cavity does not enter into the discussion « wooster 


loading. 

In making pellets 
is usually used. The 
+} 


less than the diameter of the die so that explosive aoes not 


hoosters, a ram with a flat end 


Tor 


diameter of this ram slightly 


Is ONIN 


1The 


Modern Asphalt Pavement By Clifford Richardsor 
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Pressure-Specific Gravity Curve: Mercury Fulminate. 


escape the pressure. Sufficient clearance is used, however, 


to allow tor the escape ot air. 


The same general remarks as to the influence of size and 


condition ol the eran of explosive in shell loading apply in 
The grain of tetrvl, however, 1s so 


stal ag 


the loading of boosters 


soft and friable consisting often of ¢ rrevates 


ry 
that thts factor has little influence in the relation of pres 


to resulting density 


sure In pellet manufacture, however, 
the explosive is usually measured by volume and not by 
weight. Hence the size and grading of the particles have 
a direct effect on the “bulk density” of the explo ive, and 
therefore an influence on the quantity ol explo ive meas 


gy influence on the average density 


ured, with a corresponding 


of pellet obtained. 


Pressure should be applied as slowly a sible as wu 


pos 


the loading of shell. In addition, slightly higher densities 
ean be obtained by retaining the pressure on the explosive 
for some time after the stroke of the ram is completed 
The advantage of this gain, however, must be balanced 


against the important question of speed of production, 


npooster 


‘THE cre neral prerine dpe loading 


] 


may be considered as applying to detonator loading. 
Detonators are so small that one pressing 1 ] rally found 
necessary, However, 1! order to guarantes propel tune 


tioning of the detonator by ignition, and in order to press 
sufficient of the fulminate of mereury into the capsule and 
<o vuard against movement due to set-back, and further, 
obtain the highest rate of detonation, the detonator may 
ye 0 ded 1) more har one pressing, the hottom increment 
heinge compressed with vyreater pressure than the top 
Note on the Illustrations: Since the height Ea i 
enlos » the size and radir of particl ned tt 
I ne } } t} 
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Defensive Hand Grenades 
Some Probable Causes of Duds 


By Wm. 


HE fixed nature 

of the World War 
over such an extended / 
period of time brought 2 
about the use of 





tactics and much tae- 3 ) distortion while malle- 
a 

tical material which, V/A, \ ¢ able iron gives a dark 
f 

if existing at all Y af a) fracture with a white 
4 4 

. ; ° ° 
previously, had been 4 | Zi rim and gives appre- 
‘ ‘ Y VAYy ‘ : : a 
considered in only a 5 fA Za ciable distortion. With 
, A J ; 
easual manner. Previ- ZN loaded: bodies, | or 
ous tacties and ma- é CH a where it is not desired 
; ; \ / 

terials for carrying GL to destroy them, a 

them out had aimed at test with a 3-cornered 

reaching the enemy a file is fairly definite, 

» ae B C ; 
before he came within although not eonelu- 
effective harming dis- Fig. 1. Fragmentation Hand Grenade Mk. II. sive, The malleable 
. ; A. Cross-section. B. Right side. C. Left side. 1. Fuze body. 2. Starter . 
tance. When move- mixture. 4. Black powder in copper cup. 5. Body. 6. Filling ron gives more 
7. Plug. 8. Sealer. 


ment on the western 
front ceased and the armies were held to a deadlock in the 
trenches, the fighters began at once to develop weapons 
adapted for the new type of warfare. The grenade was one 
of the most important of the new weapons. 

Although they have been in existence almost since the 
invention of explosives, hand grenades had been valued so 
little as a weapon of modern warfare that most of the war 
ring countries, the United States ineluded, had no stand 
ardized erenade. Henee the development on them was 
largely done in the stress of war manufacture. While most 
of the steps in the development were, in all probability, 
made for good and sufficient causes, the reasons for many 
of them are, to an individual not familiar with the develop 
ment, obscure. This article will discuss the design and ma 
terial of the defensive hand grenade and its fuze as finally 
adopted and used in the World War by the American forees. 


‘T HAT grenade and 
fuze substantially _ 
as adopted are shown 
in Fig. 1. 
The body (5) is 


made of a good gerade 





of grey iron or semi- ty 3 
steel. For many of 
the first grenades 
made in this eountry tf 
malleable bodies were 
used. With empty 
bodies the two ma 
terials ean be = dis- 
tinguished by break- 
- oe 

*Metallurgist and 
engineer in charge ol 
bombs, pyrotechnics 
and grenades. Pica- \. Cross-section, B. Right = side 
tinny Arsenal, Dover, 3. Fuze sealer 1. Striker. 5. Str 
N. J. Ss. Bickford fuze. 9. Tin-foil disc, 10. 











A. Gibson* 


ing of one grenade of 
each type. Grey iron 
breaks with a silvery 
grey fracture and 


without appreciable 





“dragev” action. 
The hole filled by the plug (7) is necessary in manu 
facturing as a means of furnishing a core support in the 


8S) is used to close up 


casting process, The bouchon sealer 
the opening to the striker. In ease the grenade were 
dropped in mud the sealer prevents clogging of the striker 
and, further, has a lip which bites into the soft metal of 
the boucehon body and makes a water-tight seal. The washer 
below the bouehon sealer forms the water-eight seal between 
the sealer and the grenade. The body is about three 
fourths full of a high explosive which may be granulated 
TNT, Trojan powder, fine grained nitrocellulose powder, 
ete. This is set-off by the charge (4) in the bouchon. 
For TNT or Trojan powder, the detonating charge (4) is 
fulminate of mereury; for nitrocellulose, it is black powder. 
Kirine th: e’remiae is ncecomplished Hy firing the bouchon 
(“Bouchon” is the Freneh for hand grenade fuze). This 
is shown in- greater 

detail in Fie. 2. 
As the bouehon is 
shipped the — striker 
(+) is hekl in’ the 
cocked position by the 
eotter (7) aeting 
through the handle 
ak When prepar 
ine to fire, the handle 
is held against the 
erenade body by the 
hand of the thrower. 
The eotter is then 
pulled with the other 
P hand. Upon hurling, 
the handle is thrown 


off by the striker 


} 


kig. 2. Detonaiing Fuze for Hand Grenade. 
C. Left side 1. Body 2 Tlandi-«. actuated by the rat 
iker pin 6. Striker pin 7. Cotter, 
Primer. 11, No. S Detonator, 12. Ringe. 


trap spring (5). This 














ie 









Janvary-Fepruary, 1929. ARMY ORDNANCE 261 
spring furnishes energy The aetual properties are probably about 25 per cent 
for two purposes: to throw — greater than those required by the specification. 
off the handle and to It is evident from the properties of the material and 


lmipart velocity to the 


striker. 





The striker rotates 
the 


and, at 


upon hinge pin (6) 


the end of its 


4 stroke, fires the primer 

(10). The primer flash 

ignites the priming pad at 

the upper end of the 

Knsign Bickford fuze (8). 

This fuze consists of a 

small core ot compressed 

Fig. S. Bouchcn Spiings—New black powder surrounded 
ete 10 Years by woven cord. Its ap 
pearance and functioning 


wre very similar to the miner's safety fuze used to set off 


charges in blasting. The weaving, method of waterproof 


ing, and rate of burning is special for grenade work. At 


a number of seconds after firing of the primer, i. e., after 


release from the hand of the thrower, which time is prede 


termined by the length of the fuze and the rate of its 


burning, the detonating charge (11) is fired by the spit 


from the lower end of the fuze. This detonating charge 
in turn at onee sets off the charge which fragments the 
vrenade. 

‘THE rat-trap spring (Fig. 2, Part 5, and Fig. 3) is one 


of the likely causes of failure. 

This spring must furnish sufficient energy to throw off 
the handle and also impart to the striker sufficient velocity 
to hit the primer a blow of at least S-inch ounces which 1s 
that required to fire the primer used. When the spring is 


new and in good condition it has an exvess of power. 


However, the bouchon is stored and shipped with the spring 
in the eocked position, i. @., under stress. 

Computations assuming elastic action show a stress of 
186,000 pounds per square inch in the outer fibers of the 
The specifications for the wire used eall for a 
540.000 


-pring. 


tensile strength of and a vield point of 154,000 


pounds per square inch, 


——; 








O3!I R. 





.034 =.001 








Fig. 4. Bouchon Spring in the Cocked Position. 





from the computed stress that the spring is given a certain 


amount of set immediately upon cocking in the bouchon. 


[ 1/2 (P, Pr) ({f. ‘3 
1/2 (2.24 7.26) (1.72 53) 
9.50 x 1.19 5.66 inch pounds. 
» 


Because of lack of elastic action in the material the actual 
energy given up by the spring is considerably below the 
computed value, 5.66-inch pounds. Experience has shown, 
however, that it is ample to throw off either the handle 
the perforated handle 4 inches in 


> inches in leneth or 


length and still reliably fire the primer. 


The above statement is true when springs have been 
freshly inserted. It is also trne for a considerable time 
thereafter; at least three 


vears and probably six years. 


it will be asked why, if the 


spring is strong enough at 


one time, it does not continue 


to be so. The answer ts that 


| oe 


~~ a 
A Alii 


ts " 


nearly all materials take, in 


addition to the immediate set 


when stressed bevond — the | MAASAI 


vield point, a slow additional 


<et which requires time, The 


same slow effeet is also seen 
when material is stressed be 
vond the true elastie limit, 


but not bevond the apparent 
elastic limit as determined by 
Kon a 


hore complete discussion ot 


visual examinations. 





this effeet the reader is refer 


Fig. 5. Bouchon Ears 
red to an article by HH. J. Holding the Striker. 
French in Proceedings t/ 

Imerican Society of Testu Vaterials, on “Methods of 
Test in Relation to Flow at Various Temperatures.” 
Computations show that the spring is, in the cocked 


position, badly overstressed for its entire length. Due to 


the small radius of the bend as the wire leaves the coil and 


nters the straight arm to the striker point, an even worse 
overstressed eondition occurs at one pont. 
The maximum stress, i. e that obtained in the cocked 


osition, at the pont A Kie, 4+) amounts to 2,025,000 
pounds per square inch, 

This figure is manifestly absurb as an actual stress The 

roper interpretation of this absurdity is that tl pring Is, 

the pont A, deformed immediately Ipon cocking the 
houchon. 

When new springs are placed on a flat surface with the 
exis of the spring parallel to it, the point which seats 

rainst the striker will rest on the surface and the othe 
end, the straight one, will be almost parallel to if After 
insertion and cocking of the spring for a few minutes, a 
permanent set will have been taken whieh will char t] 
relation of the two ends by approximately 25 r} et 
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increases with time. For bouchon springs which have been 
cocked almost 10 years, the straight end of the spring will 
rest on the table and the other end will extend about 45° 
above the horizontal (Fig. 3). Those which have taken 
such a set do not furnish sufficient energy to reliably fire 


the primer. 


‘TO seal the upper part of the bouchon against water, a 
tin or aluminum foil dise (Fig. 2, Part 9) slightly over 
one-half inch diameter and from .0025-inech to .005-inceh 
(depending on material) thick is shellaeed 2 
to a shoulder on the body. As long as un- 


punctured and well shellaced, it completely 


color. The softer bodies are a dark grey while the harder 
ones are a light grey. 

In Fig. 2, it will be noted that one type of handle is 
shown by the line drawing and a shorter type by the two 
photographs. As first made, and as nearly all bouchons 
were made during the war, they were equipped with the 
short handles. The short handle did not, especially on the 
chemical grenades, give sufficient grip for easy manipula 
tion. In the intense excitement of battle, the handle was 
in danger of slipping from under the thrower’s hand. A 


handle one inch longer was therefore tried. 


! ' a ; 
/ This gave sufficient grip but the energy re- 

j 
/ quired to throw off the heavier handle was so 
vreat that enough did not remain reliably to 





protects the primer and fuze against en- 


“fy ft 














trance of moisture from the upper end. In Gere tire the primer. This difficulty was partly 
the placing of a dise of such thin material aS eliminated by perforating the handle and 
there is a strong tendeney for two or more 48 placing a ridge along its length to give it 
dises to stick together. Bouchons have been nN equivalent strength. This helped but the 
found where, due to careless work and poor j windage resistance was so much greater for 


inspection, two and even three dises have 
been shellaced the other. 
Good primers will, with springs which have 
not been cocked too long a time, reliably fire 
through three 


WNANANANS NAD 


SDH 


iy 


NY 


one on top of 







through two and usually 
thicknesses of tin foil each .005-inch thick. 
This is a possible source of failures but the number which 


have been traced to it are few. 

As the striker makes its stroke, it passes between two 
ears of the bouchon body. The clearance is small. Should 
the ears for any reason become pinched together, the spring 
operating the striker does not have sufficient power to foree 
it between them and still fire the primer. A striker which 
has stuck is shown in Fig. 5. The pinching has been greatly 
exaggerated to illustrate the point. It may not even be bad 
enough to hold up the striker, in which ease freshly scraped 
metal on the bouchon ears would be the only indication 
of the cause of failure. 

Pinehing the bouchon ears may be caused by: (a) Care 
(b) wide a 


lessness in manufacture and assembly; too 


spread of the ends of the cotter pin; or (¢) use ot too 
soft a material in the bouchon body. 

The remedy for the first cause is obvious, namely, suf- 
ficient care in inspection at assembly. 

If the ends of the cotter are spread too wide, the force 
necessary to exert in pulling it out is so great that it may 
pull in the ears of the handle and distort the ears of the 
bouchon. On the other hand, if they are not sufficiently 
spread, accidental pulling of the cotter with consequent un- 
expected firing of the grenade and risk to life may ensue. 
Experience has shown that the best mid-point between the 
two extremes is to spread each side of the cotter about 30°, 


thus making a total opening of 60°. 


ALL the bouchon bodies used in the last ten vears were 
World War. These were 
made by several manufacturers, each of whom apparently 
Analysis has indicated that the ma- 


manufactured during the 


used his own alloy. 
jority of bodies were made of alloys of lead and antimony 
containing up to 10 per cent antimony. Those containing 
10 per cent antimony are hard enough and strong enough 
to stand ordinary handling without distortion of the ears. 
Those containing a much less amount are not. 

The two types of bodies further ean be told apart by the 


Fig. 6. Cross-Section of Special 
Primer for Grenade Bouchon. 


the long handle that reduetion of the kinetie 


energy by reduction in weight could not 





bring the total energy absorbed by the long 
handle that for the To 
obtain better conditions the striker shown in 
Fig. 2, Part 4, the 


previous design which had consisted of a one-piece stamp 


“A 
NZ SEES Zi 


below short one. 


was substituted for 


ing. The newer design has a greater moment of inertia 
about the pivet than the old one. 
more slowly and henee will throw off the handle at a lower 
velocity. The velocity with which it strikes the primer will 


be lower than is obtained with the lighter striker, but, be 


Therefore it accelerates 


cause of its greater weight, the energy will be greater. 
This reasoning is borne out by experiments carried out in 
1919 in which lead plugs were inserted in the primer seat, 
and the indentations caused by various strikers and com- 
binations of strikers with handles, were measured. 

The great majority of bodies made, and hence practically 
all of those in store today, have short handles and one 
piece strikers. If long handles are used with one-piece 
strikers, a dud is likely to result. 

In initial manufacture, a standard commercial primer 


(a) It 


required greater energy to fire it than was consistently de- 


was used. It was found open to two objections: 
veloped by the firing mechanisms; (b) the noise made by it 
was sufficient to betray the location of the 


Note that the primer fires within a very short 


when fired 
thrower. 


distanee of the thrower’s hand. 


‘THE primer adopted and the one with which nearly all 
houchons are equipped was developed and manufactured 
by the same company that made the commercial one. The 
body is nickel plated brass, while the commercial body was 
brass without plating; this was done so that they could be 
told apart visually. Otherwise, they are identical in ex 
terior appearance. 
In the special primer greater sensitivity was obtained by 
reducing the thickness of the cup (Fig. 6, Part 2). 
Reduction in noise was obtained by the use of a different 
primer material (Fig. 6, Part 1). 
With the three exceptions noted: 
identification, thinner cup for greater sensitivity, and dif- 


viz., nickel plating for 


ferent mixture to reduce noise, the two primers are alike. 


The metal parts, exeept the eup, are interchangeable. 
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COMPLETE of 


as all of the components which have to be inserted 


round ammunition may be defined 


into the cannon in order to fire the piece and accomplish 
to hold 
whether or not all of the components are held together and 
That 


it is necessary to have each component of the round is 


the mission. This general definition would seem 


handled as a single unit or as separate components. 


obvious. 


During a great national emergency our industrial and 


transportation facilities will be working under a 
Many of 


greatly 


increased burden. thousands different articles 


Complete Rounds of Ammunition 


A Discussion of Improvements to Meet Tactical Demands 
By H. M. 


Brayton* 


increase the safety of ammunition also will be discussed 


For administrative and technical reasons it is found con 
venient to class complete rounds of artillery ammunition as: 
(a) The complete round of fixed ammunition; (b) the com 


plete round of semifixed ammunition; (¢) the complete 
round of separate-loaded ammunition, which ineludes 
(1) the propelling charge in brass cartridge case, or 


(2) the propelling charge in silk bags. 
A fixed round of ammunition is one in which all of the 
components are rigidly fastened together and can, there 


fore, be handled as a unit and so inserted into the cannon. 
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must be delivered to designated points from widely seat 
tered areas. 
task and anything which we ean do to reduce the work will 


The coordination of such effort is a stupendous 


represent a real contribution toward the winning of a pos 
sible war. 

The purpose of this article is to endeavor to point out 
briefly some of the things which either have been done or 
are being considered by the Ordnance Department to re- 
duce the effort required to furnish ammunition and insure 
the arrival of the entire complete round at the front in 
perfect condition. The changes which are being made to 


of mechanical engineering, Picatinny 
Major, Specialists Reserve, U. S. A. 


*Engineer in charge 
Arsenal, 


Dover, N. J. 











Fig. 1. A Complete Round of High Explosive Shell Ammunition (Long Fuze) for 75-mm. Field Guns of World War 
Period. B. Complete Round of High Explosive Shell Ammunition (Short Fuze) for 75-mm. Field Guns of World War Period 
Cc. Complete Round of Shrapnel Ammunition for 75-mm. Field Guns of World War Period. D. Complete Round of High Ex- 

plosive Ammunition (New Fuze) for 75-mm. Field Guns, Post World War Period. 


The 


the shell and the cartridge case is crimped to the projectile. 


adapter-booster and fuze are tightly assembled into 

A semifixed round of ammunition is the same as the fixed 
round except that the cartridge case is not crimped to the 
the 


than in the fixed round so that the projectile may be in 


projectile. The mouth of ease is made slightly larger 


serted and withdrawn freely. The round ean, however, be 
handled and inserted into the cannon as a unit. 

A separate-loaded round of ammunition is, as the name 
of 


There 


one which has two its components 
into the sub 
classes of separate-loaded ammunition as indicated in the 
The first of 


ease is used to hold the powder 


implies, or more 


loaded cannon separately. are two 


outline given above. these two—where a ear 


tridge consists of but two 
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If within the bore 





outside the bore oeceurred. 











the 
not only 


the cannon was generally destroyed and 


erew killed. Such disasters are serious 


beeause of the men killed and injured but also 





which 








because of the loss of valuable cannon 











may be very hard to replace. Furthermore, the 
effect of such prematures on the morale of the 


soldiers is, to say the least, not desired. 











The necessity of shipping the fuzes separately 








from the round made the problem of supply a 
very difficult one. Time and again the round 


would arrive at the front without the proper 





fuzes or the fuzes without the round. 
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Fig. 2. Slip Cover Type Fiber Container for Complete Rounds of Amm 
Above: Shell Ammuniticn; Below: Shrapnel Ammunition. 


nition. 


components, namely, the projectile with adapter-booster and 
fuze, which is inserted into the cannon first; and the as- 
sembled cartridge case which contains the primer, propel- 
ling powder and diaphragm to close the mouth of the case. 
The second subclass is when the powder is carried in silk 
bags. In this type there are three components, namely, the 
completely assembled projectile, the propelling charge in 
bags and the primer which component is inserted into the 
block. The powder charge may be in one bag or 
in several bags. 

There are certain basic considerations which determine 


breech 


the type of complete round used in the various cannon. 
For example, brass eartridge cases are not used in our 
service ir the larger calibers because they are too costly 
to make, too heavy to handle and are actually not needed 
The Germans used 
They 
were unable to obtain the required amount of copper and 
were forced to use substitutes which were not satisfactory. 
They used a case because their cannon were made with slid- 
ing breech blocks with no obturating head. Such 
struction aids in the design of the cannon but places a 
very serious burden on the ammunition supply. 
Generally speaking the fixed round is used in all guns up 
to and including the 105-mm. antiaireraft; the semifixed 


except where the rate of fire is high. 
them in their larger calibers during the World War. 


con- 


round in all howitzers and mortars up to and including the 
105-mm. howitzer; and the separate-loaded round for all 
larger calibers of guns, howitzers and mortars. 

The semifixed or separate-loaded round has to be used 
when it is necessary to vary the powder charge for any 


reason at the cannon as is the case of howitzers. 


NE of the elements of a complete round of ammuni- 

tion which offers a real hazard in handling and in the 
bore of the cannon is the fuze. The fuze, of necessity, 
centains sensitive high explosives which may detonate when 
least expected, due to careless loading or to unusually severe 
conditions of handling or storage. For the most part, the 
fuzes used by our Army during and prior to the war were 
so designed that if this sensitive explosive detonated when 
the fuze was assembled to the shell, the shell charge would 
also detonate and this in turn would be most apt to set off 
others piled near by or blow up the gun should the pro- 
jectile be in the bore. 

This situation was a most serious one. 
hazard the rounds were shipped without fuzes, the final 
assembly being made just before the round was inserted 
Even then many prematures in and just 


To minimize the 


into the cannon. 


sal Again the fuzes used in our ammunition dur- 


By this 


we mean, they were designed to give only a single action, 


ing the war were single purpose fuzes. 


such as superquick, nondelay, short delay or long delay. 
As tactical considerations might require the use of any of 
these types of fuzes at any time it was obviously necessary 
to have availeble at the front a sufficient supply of each 
fuze to enable the artilleryman to use his ammunition as 
conditions demanded. Such a system of fuzing seriously 
burdened our supply service, and weuld often cause im 
portant plans to misearry for lack of some component of 
the ammunition. 

Fig. 1, 
explosive shell ammunition used in the 75-mm. field 
during the war. The long superquick fuze (Mk. IIL) 
made in but one basie type, but the short fuze (Mk. V) 
made with three different loadings, viz., nondelay, short 
In effect then, there were four fuzes 


A and B shows the complete rounds of high 
gun 
was 


Was 


delay and long delay. 
at that time believed necessary for this one high explosive 


round for the one gun. 


WaAk teaches many lessons. From it we learn both what 

we should not do and what we should do. The years 
which have passed since the war have given ordnance en- 
gineers time to study the ammunition problem in detail in 


all its many phases. Conflicting factors have been weighed 





3. Slip Cover Type of Fiber Container Assembled into 


Pig. 
End-Opening 4-Round Packing Box. 
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carefully to determine their effect on supply, storage, issue 
As a result of all this study our system 
really 


and tactical needs. 
of ammunition has undergone some important 
changes. 

It has now been concluded that the 75-mm. divisional gun 
which uses high explosive fixed ammunition does not need 
a nondelay or a long-delay action fuze. The superquick 
and short-delay action wil apparently meet every reason 
able tactical requirement. Thus the number of actions re- 
quired has been reduced to one-half the number believed 
needed during the war in this one very important weapon. 

Considerable difference of opinion arose regarding the 
question of using single-purpose or combination fuzes, that 
is as to whether the policy should be to make and issue two 
fuzes; one a superquick and the other a short-delay type, 
or a combination of these two actions into one fuze, and so 
design it that either action could be obtained by the artil 
leryvman. If we were to have single purpose fuzes and 
inake them bore safe so that we could obtain the advantage 
of shipping the round fuzed, then we would have to manu- 
facture, store and transport a larger number of complete 
rounds than we 


what percentage of each type of fuze action will be re- 


actually need because it is never known 


quired in battle. It may be decided in advance that perhaps 
0) per cent of the fire will be with superquick action and 
10 per cent with short-delay action but these quantities 
because greater 
Additional 
forward 


not be held to in one sector 


needed of either type. 


could any 


percentages might be 


ammunition would have to be delivered to the 


dumps to meet every contingeney and this would not only 


represent an economie waste but might be a real hazard. 


On the other hand, if we combine the two actions into 
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Fig. 5. Assembled 4-Round Packing Box and Assembled Slip 
Cover Type of Fiber Container. 





4. End-Opening Packing Box and Slip Cover Type of 


Fig. 
Fiber Container. 


the fuze and hence to the 
Kach 


carries with it a fuze feature not required, 


one fuze we add to the cost of 


burden on our manufacturing faeilities. round fired 


It is the general concensus of opinion at the present time 
that the advantages of the combination bore-safe fuze more 
than compensate for the added cost and that the total cost 
greater as a 


of ammunition to fight a war would not be 


result of its use and might be less. 

The use of such a fuze means that we can assemble, pack 
and ship our round complete for divisional weapons. The 
effort saved over the four-fuzed separate-packed round 1s 


obvious. 


“HE rate of fire of artillery weapons decreases as the 

caliber increases. Furthermore the larger the cannon the 
farther they are located back from the front fighting line. 
Beeause of these two factors the furnishing of ammunition 
to the smaller field weapons is a much greater problem than 
io the larger ones. It is not considered necessary to ship 
projectiles of 155-mm. or larger calibers fuzed. The com 
bination superquick short-delay fuze is considered neces- 
sary in all point-fuzed common steel projectiles. The prob 


lem of keeping all components of the round assembled 


together for shipment is, therefore, necessary only in am 
munition for weapons up to and ineluding 105-mm. This 
has now been accomplished and it is indicated that in any 
future war high explosive divisional artillery ammunition 
will be packed, shipped and issued as complete rounds with 
Fig. 1, D shows one of these 
new rounds for the new 75-mm. field gun. It will be 


that the front end of the fuzed projectile now has a deeided 


bore-safe double-action fuzes. 
noted 


streamline appearance, consequently a better ballistie shape. 
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‘THE explosive components of ammunition may become 

unserviceable if exposed to moisture for any length of 
time. To a lesser extent the metal components will corrode 
and in time cease to perform their function properly. 
Ammunition is costly and when once made should be so 
packed that it will remain in good condition for many years. 

As our ammunition may be stored anywhere in this 
country or in our foreign possessions, where a wide variety 
of climatic conditions is encountered, it is necessary to give 
special attention to the packing problem. Ammunition 
must, furthermore, be so packed that it will withstand long 
transportation by rail, boat and truck where it will receive 
much rough handling and arrive at its destination in good 
condition. 

During the war artillery ammunition for the smaller eali- 
bers (such as 75-mm.) was packed for the most part in 
tin containers the open end of which was closed by a 
cover held on by a soldered tear strip. Containers made 
from fiber board were also used to some extent. These 
containers were in turn packed in wood boxes of various 
designs. Some of the still smaller calibers (such as the 
37-mm.) and most of the fuzes were packed in metal lined 
wood boxes. The fact that tin is a strategic material made 
it essential that we find a better method of packing com 
plete rounds of ammunition. 

Observations led ordnance engineers to pursue their in- 
vestigations further into this field. It was found that nota- 
ble improvements had been made in recent years in the 
manufacture of fiber board impregnated with asphalt to 
make it moisture- and waterproof. As a result of the 
cooperation of commercial concerns a new type of fiber con- 
tainer has been developed which is greatly superior to the 
one made during the war. Fig 2 shows a section of this 
new container with both the fixed and semifixed complete 
The weight of the fixed round is earried 
which the 


round in place. 


on the open end of the container against 


under surface of the head of the cartridge ease bears. 
In the case of the semifixed round the weight of the pro- 
jectile is taken at its forward end against a wood block and 
the weight of the cartridge case on its head. The container 
is closed by a slip-on cover and the joint is made water- 
and moistureproof by two wrappings of surgeons adhesive 
The tubes of the 


paper 


tape covered with waterproof cement. 
container are made from  asphalt-impregnated 
spirally wrapped. The lower end of the body of the con- 
tainer and the top of the cover are closed with a metal 
cover crimped to the tube. Sodium silicate is used as a 
sealing material. These containers are very strong and 
waterproof. They ean be placed under water for days 
without showing signs of leakage to the interior. 

It has been found necessary in the past when packing 
the larger containers to use wood spacers in the packing 
box for support. These spacers in addition to adding to 
the cost of the box caused much trouble by warping and 
shrinking thus preventing easy removal of the rounds. 
When these new fiber containers are used no spacers are 
required due to the much greater rigidity of the container. 
A simple design of end-opening box (Figs. 3, 4 and 5) 
holding four rounds in these new fiber containers, without 
spacers and with ample clearance to allow for shrinking 


and warping of the wood, has been found very satisfactory. 
Revolving drum tests have shown this type of packing 
to be greatly superior to the methods used previously. 


W HEN considering for adoption a new article which has 
been proved to be technically satisfactory and which 
would be used in large quantity in the event of war two 
major considerations determine the final decision: First 
its availability and second its cost. All of the materials 
entering into the new fiber container are available in 
abundance in this country, namely, wood fiber, soft sheet 
steel which can be rust-proofed by a variety of methods, 
and asphalt which is mined in Utah. Even when manu- 
factured in lots consisting of a few thousand each these 
containers have cost only a little more than the unsatis- 
factory tin container. When made in large war-time quan- 
tity the price should be no greater than the tin container. 
These new fiber containers are so strong that it should be 
possible, if conditions warranted, to ship ammunition in 
them without using a packing box. If the theatre of opera- 
tions were so located that direct rail shipment from the 
loading plant to the rail head at the front were possible it 
is conceivable that the ammunition could be packed in these 
containers and stacked in the box ear. At the rail head 
they would be transferred to trucks and carried to the 
dumps. Such a procedure would be productive of a real 
saving in several ways. The box would be 
The space required to stack a given number of 


cost of the 
saved. 
rounds in a box ear or truck would be reduced thus in- 
creasing the road capacity—a vital factor close to the front. 
(It is estimated that the elimination of the box will reduce 
the weight to be carried for the same number of rounds by 
20 per cent and the volume occupied by 35 per cent, ap- 
proximately.) Again, when wood boxes are taken to the 
forward dumps they may become a hazard. They are easily 
seen from the air and the disposal of the empty boxes is 
not always easy. 

If ammunition has to be shipped overseas or be passed 
through several transfer points where handling is required 
the cost of this handling would off-set the cost of the box. 
If boxes were used under these conditions, however, they 
could be opened at the rail head and the fiber containers 
loaded on trucks thus gaining the added road capacity in 
the congested area of operations and eliminate the boxes 
at the front. 

It has been possible in this article to discuss briefly only 
a few of the many improvements made in artillery ammuni- 
tion during the ten years since the war ended. These years 
of peace have been very productive of improvements in 
ammunition. We have been working constantly to make 
our ammunition more dependable, more practical to manu- 
facture under possible war-time conditions, safer in load- 
ing, handling and in the bore and so that it will meet the 
ever changing tactical needs of the combat branches of the 
Army to their entire satisfaction. It should be possible not 
only to maintain our present standard of ammunition but to 
improve upon it in the coming years so at all times it may 
be said that it is second to none in the world. This is the 
real solution to the problem of ammunition preparedness. 
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Procurement of Artillery Ammunition 


A Defense Problem of Utmost Significance 
By F. H. Miles, Jr.* 


HE troop basis for the mobilization contemplated 

for a major emergency together with the corresponding 
rates of fire are furnished the Ordnance Department and 
from these the Department computes the amount of am- 
munition which must be furnished. The ammunition re- 
quired for the maximum effort which the country might be 
“alled upon to meet is very large and there seems to be no 
way in which the requirements can be met in their entirety 
by emergency production. For some types of ammunition 
we have but a few months’ supply. 

In what follows we shall attempt to visualize the problem 
by taking a typical example, 75-mm. shell ammunition, 
which is the most important item in the artillery ammuni 
tion supply problem. 

The supply of 75-mm. ammunition which we have was 
left over from the war and constitutes an ever decreasing 
souree of strength, but so long as it is usable it does de- 
crease the effort necessary to meet the early essential re- 
quirements. It is sufficient to say that a large part of the 
war rounds of 75-mm. ammunition will not be available 
soon and that at the present rate of depletion by deteriora 
tion and obsolescense the problem is becoming more press- 
ing each day. Theoretically, of course, the reserve should 
be the difference between what is required and what ean be 
produced. It is apparent that we shall be handicapped 
very severely in meeting those countries which have adopted 
an adequate reserve and a rational policy of reserve re 
placement. Then, to place ourselves on a parity with any 
other nation, we should have a reasonable reserve main 
tained by a rational policy of reserve replacement. 

Requirements call for a very large amount of 75-mun. 
shell ammunition in the first eight months, the period dur 
ing which new production would be starting. Our reserve 
should correspond as closely as practicable with these re- 
quirements. It is proposed to replace one-twentieth of the 
reserve every year, twenty years being the approximate life 


of an assembled round. 


HEN war comes, man power and munitions power go 
hand in hand; one is impotent without the other. A 
nation automatically develops its man power in time of 
peace and no effort is spared to keep it physically, men- 
tally and morally fit. There is no production problem 
involved. Man power can protect itself from many in- 
sidious conditions, but war breaks upon it as a devastating 
pestilence. War can be prevented in two ways, by eliminat- 
ing the eauses of war or by having such strength that no 
nation or combination of nations will attack or provoke 
war. The first preventative is by far to be preferred but the 
history of war presents no set formula for its origin. Most 
wars antedate the formal declarations by years, and what 
seems to be peaceful juxtaposition is the beginning of war, 
and wars do not end with the signing of peace treaties. 
*Chief, Executive Section, 
the Chief of Ordnance, Washington, D. C. 
Department, U. S. A. 





Ammunition Division, Office of 
Major, Ordnance 


In a word, actual battle is the formal but not always the 
conclusive part of the conflict, and differences remain to be 
settled afterwards in the realm in which they should have 
been first settled. determines but 
rather forces nations to again resort to the superhuman 
effort of thought, it is all the more to be avoided and any 
ought to be 


Since war so seldom 


form of insurance which would prevent it 
attractive. 

America is insurance wise. It ought to be easy to sell 
national insurance to it. If men could postpone death by 
the indefinite payment of insurance premiums, most men 


insurance. If reasonable prepared- 


would take out such 
ness against war were the necessary premium, would it be 
wise or foolish to pay the cost if it could be shown to be 
within that ordinarily paid for good insurance? It is be 
lieved that almost any item of peace-time expenditure for 
preparedness against war could be shown to be well within 
the ordinary cost of reasonable insurance but as a very 
significant example the following item is considered. 

The ammunition for both sides in the last war cost $30, 
000,000,000. 


cent in cost 


Seventy-five per cent in numbers and 50 per 


of this ammunition was for the 75-mm. or 


corresponding calibers. A future similar war in which we 
participate would cost us at least $7,500,000,000 for 75-mm. 
artillery ammunition alone. Two per cent per annum as a 
premium against the use of this amount of money would 
amount to $150,000,000 and if a reserve, one-twentieth of 
which is to be replaced annually at a cost of $3,750,000, 
or one-fortieth of 1 per cent, is the amount of insurance 
against war which this important caliber of ammunition 
should demand of an enlightened people, would it be wise 


or foolish to meet the premium? 


[tT has been shown that a reserve of ammunition ought to 

be maintained, and we now proceed to a consideration of 
the features of the ammunition production effort which 
have to do with the actual production of new rounds as 
distinguished from reserve rounds. It ought to be reiterated 
that all further effort could be nullified by an enemy who 
had seen fit to maintain an effective reserve if we had not 
done so as well. 

It is inevitable that the conclusions and methods given 
below should be based on the analyses of that which oe- 
curred in the last war in the hope that the consideration 
of the errors of commission and omission of that period 
may aid in a reasonable solution for the future. 

In war, time is the priceless consideration. Money loses 
its true value but time becomes more valuable. Success in 
the artillery ammunition program is determined by the 
shortness of the time in which adequate quantities of am 
munition for combat purposes are produced. Considera- 
tions which make for speed are to be fostered; those which 
delay, except those affecting essential quality, must be 
swept aside. The Ordnance Districts are procurement dis- 
triets. The means of production are the work of the district. 
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DESIGN, drawings, and specilications constiiute some of 

the great problems of artillery ammunition production. 
If they are not complete, which they almost never are, and 
not workable, which they are not from the viewpoints of 
the new manufacturer, there is just one answer to proper 
production under them—viz., personnel sufficiently experi- 
enced and broad in its training to give quick and intelligent 
Those 


response to the many queries forthcoming. men 


with definite information become of inealeulable value. 
The know-how subordinates everything else. 

Design is always between the devil and the deep blue sea. 
One set of terriers calling for increased range, greater ex- 
plosive efficiency, more dependable action and more versatil- 
ease of manu- 


ity; another ealling for simplicity and 


facture. In peace time when there is no real production, 
the tendency is inevitably in the direction of greater effi- 
ciency at the expense of simplicity. Therefore, a real effort 
should be made to keep design within the bounds of mass 
production. And 


debacle caused by the switch in the last war from American 


certainly anything approaching the 


to French models should be avoided. This switch caused a 
delay of at least six months in the last war. We are 
threatened by a comparable switch by the change from the 
old (war) weapons to the new (post-war) weapons now 
contemplated in the twelfth month of the next emergeney. 
Everything possible should be done to keep the old and 
new designs, especially in ammunition, close together. 
Amplifying proper drawings and specifications, there 
should exist as full a deseription of manufacture for each 
item which can be developed in time of peace. These 
descriptions of manufacture should indicate methods by 
which the operation has been performed satisfactorily with 
than give the most efficient 


average equipment rather 


method, which might not be generally applicable. — In 
facilitating the understanding of the personnel which will 
do the work, these descriptions should be invaluable. So 
far as artillery ammunition is concerned, both Frankford 
Arsenal and Picatinny Arsenal are preparing descriptions 
of manufacture which are being checked by the best avail- 
able World War manufacturing talent, and it is believed 
that these descriptions are a real and practicable contribu- 


tion to preparedness. 


[DECENTRALIZED procurement for artillery ammuni- 


tion as for other ordnance seems to be established. 


And each of the Ordnance Procurement 
apportioned amounts of artillery ammunition having  re- 


Distriets has been 


gard to its facilities for manufacture and its loeation 
strategically. The total allocation is sufficient to meet the 
monthly requirements ultimately but it is reeognized that 
generally no new production can be expected until the 
seventh month. 

Although procurement of ammunition is decentralized, 
it is recognized that centralized control of production with 
especial reference to bringing components together in as- 
semblies and complete rounds must be undertaken. A 
supervisor of components should be an official on the staff 
of the Chief of the Ammunition Division and it should 
be his duty to receive reports of production, direct distri- 
bution, and release finished produets. 

There will be large quantities of empty components on 
hand at the beginning of the next emergency. These will 
be unbalanced and it will be necessary to balanee them. 


The component supervisor will thus have at the outset a 
job of immediate importance and since the production ot 
various items in the Ordnance Districts will vary in point 
of time, it will be necessary for him to bring together at 
subassembling plants and at the loading plants the items 
wherever produced which will give the earliest delivery ot 
complete rounds. 

Lack of balance in produetion, which was a serious hanii- 
cap in the last war, came partly from the inability to place 
orders for certain components which consequently lagged. 
It is true that these components were also new to American 
manufacture. The net result was that large numbers of 
some components were produced and only a pittance of 
others. 
to be avoided and the greatest single contributing factor 


Uneven production of the components is certainly 


to uneven production is the over-extension of production 
facility. Logically, the best production facilities available 
are engaged to do the work and if large production of 
one item reduces the capacity of a eapable producer who 
might otherwise work on two items, then the seeond item 
goes to a less able producer and so on. And exactly what 
happened in the last war happens—unbalaneed produetion 
Complete rounds ean be produced only 
No mention is made of the raw 


of eomponents. 
from balanced components. 
materials tied up by unbalanced production, nor of the un- 
necessary strain which it places on transportation facilities. 


‘TO supply the loading and assembling plants needed to 
load and assemble the stocks of components which will 
exist at the outbreak of an emergency, definite plans are 
being made using the facilities which are now in the hands 
of the department in the shape of depots and lands which 
ean be converted to this work. Later on the number of 
Government-owned loading plants is to be increased and 
some of the earlier plants expanded to meet the production 
of new components. In addition, it will be the policy to 
permit any large contractor who will undertake the com- 
plete round job to load and assemble if he will. Also, it 
may be advisable to invite certain of the large explosive 
manufacturers to build and operate loading plants. 

Loading plant operation will be slow in getting started, 
hut experience in the last war indicated that loading was 
one place where Government operation worked out best. 
There are no facilities to start with, the facilities are of 
no commercial value after the emergency, and the inter- 
mittent character of the loading operation due to the un- 
even production of metal parts makes it necessary for the 
Government to assume the burden of the losses entailed in 
such operations. 

A director of loading plants should be appointed on the 
staff of the Chief of the Artillery Ammunition Division of 
the Office of the Chief of Ordnance whose duty it will be 
to build and operate all Government-owned loading plants, 
and to have general supervision over and assist in the 
loading plants 


operation of privately-owned 


The general supervision of privately- 


technical 
wherever located. 
owned loading plants will include the approval of loea- 
tions, layouts and capacities, and operating and safety 
methods. The component supervisory system and the Gov- 
ernment-owned loading facilities are set up to meet highly 
specialized problems which can best be met in the manner 


outlined. 
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High Explosives 


Their Characteristics, Types and Uses 
By C. J. Bain* 


| N general an explosive may be considered as a material 
which by decomposition or combustion produces large 
quantities of gas in a comparatively short interval of time, 
thus building up a tremendous pressure. The rate at which 
this gas is produced or the time required for the ecombus 
tion or detonation to travel from one section of a charge 
to another section of the same eharge is ealled the rate of 
this 


between the two classes of explosives, namely, low explo 


detonation and on basis a distinction ean be made 


sives and high explosives. In the low explosive class will 
the black 
The rate of burning of this class of explosives is 


be found well known powder and smokeless 
powder. 
sufficiently low, being not over 300 meters per second for 
black powder, to permit effective harnessing of the evolved 
gases within combustion chambers and made to accomplish 
the within 


this 


a specifie result without injury to chambers 
which combustion is caused to take place. It is by 
method that projectiles are propelled from a gun at a speed 
of 1,800 miles per hour. 

In the high explosive class is found mereury fulminate, 
tetryl, trinitrotoluene, amatol, sodatol, nitroglycerin, dyna 
mite, and hundreds of other less generally known explosive 
compounds and explosive mixtures. The rate of detonation 
of these explosives varies between 3,500 meters per second 
and 8,500 meters per second, This means that any attempt 
to harness or direct the gases produced on detonation would 
require a combustion chamber of a size out of all propor 
tion to the value of the object attained. This characteristic 
of high explosives makes them suitable for use in loading 
shell and bombs as in that instance the main purpose ts to 
cause destruction. 

At this point it may be well to consider some of the 
general requirements a high explosive must meet to receive 
recognition as a military explosive. First, it is imperative 
that 
procurable in the required quantities within the United 
States. 


country be able to meet the demands for ammunition with- 


the raw materials necessary for its manufacture be 


In case of an emergency it is essential that this 
out relying on importations. Second, the process of manu- 
facture must be comparatively simple. The adoption of an 
explosive which required an intensive training of personnel 
to earry out its manufacture or which demanded for its pro- 
duction elaborate and eomplicated equipment would not 
be warranted, as under these conditions, the supply could 
not meet the demands in ease of an emergency. Third, the 
characteristies of the explosives should be such that after 
years of storage they will function with the same depend 
ability as when loaded. Fourth, the finish product must 
be capable of being loaded easily and cheaply and also 
Fifth, the 
eost of the explosive should not be out of proportion to its 


without the introduction of any undue hazard. 


value. 
explosives used in ammunition, other specifie requirements 


These, then, are the major requirements for all high 


*Engineer in charge of high explosives and _ loading, 


Picatinny Arsenal, Dover, N. J 


the 
used in the different components and these requirements 


are established for various types of high explosives 


will be diseussed later. 


[N the loaded and fuzed shell or bomb is found at least 
,, three separate and distinet types of high explosives and 
have what 


it is by linking these three that we may be 


designated as an explosive train. In general the first com 
ponent of this train is the detonator. The explosive used in 
this component must be one which can be detonated by im 
pact and by heat. For many years mereury fulminate has 


heen in almost universal use as a detonator explosive. 


Others have been proposed, vet only one out of the hun 
This 


Lead azide has been and is being used abroad 


dreds tested has received any particular recognition. 
is lead azide. 
suceessfully. Its explosive characteristics are such as to 
make it an ideal explosive for detonators. The sensitivity 
demanded of this type of an explosive also prohibits its use 
in other than limited quantities. Only that amount should 
he used which will accomplish the purpose intended and 
the same time allow a reasonable factor of 


which will at 


safety for dependable functioning. Amounts in excess re- 
sult in no greater efficiency but do introduce additional 
hazards in loading and also complicate designs in order 
that this component may be made safe to handle and to fire 
This portion of the explosive train is sepa 


the link, the 


mechanical means, and is brought into line with the booster 


from a gun. 


rated normally from second booster, by 
after the shell has been fired or the bomb has been dropped. 
An aceidental explosion of the detonator before that time 
would not result in a detonation of the entire shell or bomb. 
Thus any inerease in the amount of explosive used in the 
detonator over that required, imposes a greater strain on the 
“bore safe feature.” 

The second link in the explosive train is the booster. 
This component accomplishes exactly what the word im 
plies. It takes the detonating wave from the detonator and 
hoosts it up to the point where it will initiate a high order 
detonation in the third and last link in the explosive train, 
the bursting charge. The booster is not separated from 
the bursting charge in the same manner as the detonator is 
separated from the booster and any premature detonation 
of the booster is certain to detonate the bursting charge. 
Thus it. will be seen that the booster explosive must. be sensi 
tive to detonation and at the same time it must be Insensi 
tive to impaet or to friction. Likewise a booster explosive 
to be dependable should have a high rate of detonation, 
approximately 7,000 meters per second, as it is required to 
blast its way through the metal which incloses it and sepa 
rates it from the bursting charge, and after having aceom 
this if reserve left to 
initiate a high the bursting charge. 
the World War, tetryl and high grade trinitro 
the United 


Today, tetryl only is used for this purpose. 


plished must have sufficient energy 
order detonation in 
During 
booster ex 


Tts 


toluene were used by States as 


plosives. 
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Diagram of Explosive Efficiency Testing Fixture. 


method of manufacture has been developed at Picatinny 
Arsenal to a point where the finished product ean be celassi- 
fied for all practical purposes as a chemically pure ma- 
terial. Furthermore there has been introduced into the 
process a method of controlling the granulation of the 
product so that it contains practically no dust and is free- 
flowing. Such a characteristic is extremely valuable in a 
booster explosive as it permits its use in automatie presses 
for making booster pellets without any difficulties. 

The third and last link in the explosive train is the burst 
ing charge. Some of the specific requirements for this 
component are, that it shall possess sufficient strength to 
shatter its metal container into small fragments; that it 
shall impart to these fragments a velocity which will make 
them effective over an extended area; that it shall have a 
rate of detonation sufficiently high to break down or destroy 
fortifications when it detonates in close proximity to them; 
that it shall produce large craters when it detonates below 
ground; that it shall be sensitive to detonation from a 
booster; and that it shall be insensitive to the force of set 
back when fired from a gun and to the foree of setforward 
when the missile hits its objective. Explosives of this type 
include trinitrotoluene, pierie acid, explosive D, amatol, 
sodatol, trinitroxylene and other similar explosives. 

In the explosive train thus far deseribed are found three 
different components. This number may be increased where 
it is desirable or expedient to dé so. Quite often it is essen- 
tial that a delay be introduced to allow a definite period of 
time to elapse before detonation of the bursting charge 
takes place. This is accomplished by placing two more 
components ahead of the detonator, namely, a primer and 
a delay element. The primer is loaded with a sensitive 
mixture which functions on impact or setback and ignites 
the delay element which in turn “sets off” the detonator. 


CONFLICTING data have led Picatinny Arsenal to 

design a new means of testing components for use 
in ammunition whereby all testing is done under conditions 
simulating those obtaining in ammunition. This apparatus 
has been designated as the “explosive train fixture” 
(patent applied for) and is shown on this page. Briefly 
this fixture consists of: a bursting charge on which 
the rate of detonation can be obtained; a booster which can 
be varied in size and shape and the efficiency of each type 
determined by inserting air gaps or metal plates between it 
and the bursting charge; a detonator which can be varied 
also and the efficiency determined by the introduction of air 
gaps or metal dises between it and the booster. With this 
fixture valuable results have been obtained which can be 
applied direetly to ammunition. It has been shown that it 
is not the amount of explosive that is the eriterion in ob- 
taining efficient detonators and boosters but rather that it is 
the shape of the component and its location in respeet to 
the next succeeding link in the train. It can no longer be 
said that it requires so many grains of fulminate to de- 
tonate tetryl or that it takes so many grains of tetryl to 
detonate east TNT. The amounts depend entirely upon the 
shape of the container and the resistance that must be over- 
come before the detonating wave reaches the next com- 
ponent. In the past, amounts have been used which ap 
peared far in excess of those required. In some instances 
this was true while in other cases tests have shown that 


these amounts were not sufficient. 
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Propellent Powder 


The Trend of Present Day Development 
By G. C. Tibbitts* 


ROPELLENT powder, being one component part of 

a complete round of ammunition, must change its 
characteristics as the requirements of the round change. 
Varying tactical requirements make new demands upon ex- 
isting weapons and necessitate the development of new ones 
and these new developments all in turn exert their influences 
upon the design of the propellant. 

Before the advent of extruded nitrocellulose powder, a 
few granulations only of the brown prismatic powder were 
necessary to meet the ballistic requirements of all the 
weapons then in service use. The development of nitrocel- 
lulose powder and the progressive-burning multiperforated 
grain represented a marked improvement over the prismatic 
type but complicated the problem of propellant design to 
the extent that a separate granulation is now required for 
practically every weapon. 

Modern artillery design, actuated by the demands of 
more rigid tactical requirements, tends teward greater range 
and greater mobility in field guns and howitzers. The at- 
tendant design problems have been met partially by me- 
chanical improvements in gun and earriage manufacture. 
Specially treated steels permit the construetion of tubes 
of greater strength and lighter weight. Improved designs 
of projectiles give greater ranges and greater stability in 
flight to a projectile fired at a given muzzle velocity, and im- 
proved carriage designs have reduced weight and increased 
stability of the weapons in action. Coincident with these 
improvements, comes new work for the propellant to per- 
form and certain problems relative to the design and de- 
velopment of improved ammunition belong solely to the 
propellant. 

The efficiency of a given piece of artillery varies inversely 
as its probable error assuming, for a round of high explo 
sive ammunition, that the number of effective fragments 
from its projectile and the distribution of these fragments 
are the optimum for effectiveness. The number and dis- 
tribution of fragments are entirely problems of projectile 
and explosive train design while the probable error is a 
function of the muzzle velocity variation and flight char- 
acteristics of the projectile. From the standpoint of the 
action of the propellent powder, the muzzle velocity is the 
only variable for which it is responsible and if all other 
variables could become constants, projectiles started upon 
their flights with the same initial velocities would arrive 
at the same point. It may be said, therefore, that ballistic 
uniformity is the most important consideration in the de- 
velopment of a propellant. Again, assuming other variables 
to be eliminated, this characteristic or property of the 
round of ammunition is a function primarily of the manner 
in which the propellent charge burns. The uniformity of 
burning of the charge depends, in turn, upon two factors— 
the homogeneity of the powder colloid or gel and the uni- 
formity of ignition. 








*Engineer in charge of propellent powders and ignition, 
Picatinny Arsenal, Dover, N. J. 


CONSIDERING the homogeneity of the powder colloid, 

this control must start with control of the properties of 
raw materials entering into its composition. Until recently, 
too little has been known, for example, about the influence 
of variations in physical properties of nitrocellulose upon 
the characteristics of the finished powder. One of these 
physical properties is the state of aggregation of the col- 
loidal particles and is commonly known as the viscosity of 
the nitrocellulose, as it is determined by measuring the 
viscosity of nitrocellulose in solution in suitable solvents. 
The most advantageous ranges in nitrocellulose viscosity 
have been determined and specifications will soon place 
limits upon this variable as regards the viscosity range of 
the product of any given plant. Limits of viscosity to be 
placed upon the material from a particular plant are for 
the purpose of insuring uniformity of the product. A 
manufacturer will be permitted to determine his most suit- 
able operating range of nitrocellulose viscosity and must 
then hold the viscosity of subsequent lots of material be- 
tween reasonable limits. Thus the range will vary be- 
tween manufacturers but will be constant for a given plant. 
It has frequently been observed that powders made in ae- 
cordance with a definite manufacturing procedure and as 
nearly alike as possible in composition, nevertheless ex- 
hibited marked differences in time of drying, degree of 
shrinkage upon drying, and in ballistie properties. Photo- 
micrographie studies of thin sections of such powders reveal 
definite differences in physical structure which may account 
for the variations in properties noted. 

Powders which require protracted drying periods to re- 
duce the volatile solvent content to the desired percentage, 
have been found to contain microscopic “lakes”, or areas 
relatively rich in solvent, surrounded by dryer portions of 
the gel through which the solvent is able to diffuse only 
with extreme difficulty. Other portions of the mass are 
found to be deficient in volatile solvent content. This 
condition of inhomogeneity is caused by the uneven dis 
tribution of solvent throughout the mass of nitrocellulose. 
Loeal conditions of over-gelatinization oceur with corre- 
sponding under-gelatinization of other parts of the mass. 
This is due primarily to the inherent property of nitro- 
cellulose to swell under the action of the normal gelatinizing 
agents. Thus when the nitrocellulose, which has been dehy 
drated by means of alcohol, is brought in contact with 
ether, that portion of the nitrocellulose which comes im 
mediately in contact with the ether is swollen, while the 
portions which are protected from the action of the ether 
by being surrounded with this swollen nitrocellulose remain 
in an incompletely gelatinized state. 

The gelatinization of nitrocellulose by the action of a 
solvent is influenced by the time the solvent is allowed to 
act and also by the temperature. It has been discovered 


that the standard practices of powder manufacture do not 
allow sufficient time for the solvent to diffuse evenly and 
completely throughout the nitrocellulose, which condition 
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results in the observed inhomogeneities of structure. <A 
noticeable improvement in uniformity of structure has been 
effected by allowing the nitrocellulose, in the form of a 
compressed block with its quota of solvents, to stand for 
a period of time in a tightly closed eontainer. Ge!atiniza- 


tion is favored under these conditions with attendant im- 
The gelling action is aided by 
This 


“seasoning” has the further very practical advantage of 


provement in homogeneity. 
increasing the temperature during this treatment. 


allowing a reduction in the quantity of solvents used. A 
reduced amount of solvents, by virtue of more thorough 
distribution, will produce a block of material sufficiently 
plastic to extrude through the graining dies in the next 
process step. 

that 


tends to work the nitrocellulose and solvents together. By 


Gelatinization is aided by any mechanical action 
far the most homogeneous structure, as judged by miecro- 
scopic studies, that has been prepared to date has been 
obtained by passing the material through heated rolls. The 
kneading and shearing action of the rolls, aided by the 
increased temperature, insures a uniform diffusion of  sol- 
vents throughout the mass. Exceptionally uniform ballistie 
behavior has been noted with powders of this type. 
Studies of powder gel structure are being continued in an 
attempt to establish standards of comparison and develop 
process controls by means of which it will be possible so to 
regulate each manufacturing step that the inhomogeneities 
of structure now so evident in propellent powders will no 
longer exist. 
[X considering the other variable—ignition—the intluence 
of which is equally as important as homogeneity of the 
colloid in affecting the combustion of the propellant, it is 
necessary, before discussing present lines of development, 
to consider such basic principles ax the funetion of the 
ignition system. The ignition system of a round of am- 
munition has for its function the development and dis- 
tribution of a sufficiently large volume of hot gases to raise 
the surface temperature of the powder grains to the flash 
point of their composition. Black powder is the material 
used for ignition and has proved to be more satisfactory 
than any material yet tested. Black powder owes its ef- 
ficiency as an igniting agent primarily to its high rate of 
combustion, by virtue of which property hot gases are 
evolved rapidly and at a higher temperature than would 
obtain if the material were slower burning. The higher 
the velocity of the gases, the more completely will all parts 
of the propellent charge be enveloped during the short 
interval of that 
quently, the more efficient will be the ignition. 


time the igniter gases act and, conse- 

The ideal ignition system would ignite the entire sur- 
face of every powder grain simultaneously. If this eon- 
dition could be effected, all grains of powder being ignited 
by the primer gases, the propellent charge would then con- 
tinue its combustion at a uniform rate depending upon 
its composition and the burning thickness of the grains. 

Propellent powder changes its burning characteristics 
quite markedly depending upon the pressure obtaining dur- 
ing the combustion. It is quite conceivable, therefore, that 
different ballistic effects will be obtained if an ignition sys- 
tem be employed that is insufficient to insure uniformity of 
ignition. Under these conditions, where the ignition is de- 
ficient either in quality of igniter gases or in the distribu- 


tion of these variable portions of the propellent 
charge must be ignited, not by igniter gases, but by burning 


The portion of the propellent charge not 


gases, 
propellant itself. 
ignited by igniter gases will be pushed bodily for a cer- 
This 
condition changes the relationship of chamber pressure to 
As has been mentioned, 


tain distance down the bore during its combustion. 


travel of projectile down the bore. 
such variations in rate of combustion of the charge produce 
varving ballistie effects. 

A survey of present standard ignition systems reveals 
many startling inconsistencies in ignition practice. As an 
example, there might be cited the 2.95-inch mountain gun 
using a propelling charge of approximately seven ounces 
and employing a 110-grain primer as contrasted with the 
105-mm. antiaireraft gun where a 100-grain primer is called 
upon to ignite a propelling charge of 11 to 12 pounds of 
powder. If we assume either one of these systems to be 
correct, then the other must be decidedly in error, and a 
study of present complete round assemblies will show many 
such discrepancies. 

A considerable amount of work has been done at Pieca- 
tinny Arsenal upon the ignition problem and has resulted 
in the development of a series of primers wherein a con- 
stant relationship exists between the burning surface of 
the propellent charge to be ignited and the quantity of 
igniting powder. Preliminary experiments — involving 
primers of increased lengths were conducted in the 75-mm. 
gun, M1, and 
determined to produce the effect. desired in this w “apon. 


the correct. quantity of igniting powder 
An arbitrary length of primer was decided upon as 90 per 
cent of the length of the column of propellant and formulas 
were then developed by means of which a primer could be 
designed for any given round of fixed or semifixed ammuni- 
tion to maintain the same ratio of surface area of propel- 
igniting powder throughout. the whole 


lant to weight of 


range of rounds considered. These primers are of the side 
vent type in order to insure uniform distribution of primer 
vases to all portions of the charge. Experiments are now 
being conducted to determine the most favorable venting 
for primers of this type and also to determine the best 
granulation of igniting powder. The size and number of 
vents in the primer body and the granulation of the igniting 


The 


~maller the granulation of the igniting power, the more 


powder determine the velocity of the primer gases. 


rapid will be its combustion and, consequently, the higher 
will be the velocity of the resulting gases. The smaller the 
vents in the primer body, the higher will be the velocity of 
the gases by virtue of a higher pressure being built up to 
resist their emission. The correct granulation of igniting 
powder and the most suitable venting will be varied be- 
tween primers and the best combination must be determined 
for each particular round. 

Preliminary firings invotving primers of this type have 
given evidence of appreciably improved uniformity of 
burning of the propellent charge as judged by more uni- 
form muzzle velocities and a decidedly lessened tendeney 
to obtain pressure “breaks” when building up a charge. 
These pressure “breaks”, or radical changes in pressure oe- 
‘uring while building up a charge to give the preseribed 
muzzle velocity, are more frequently noted in weapons hav- 
ing long, small-diameter chambers. Under these conditions, 
the propellant appears to obey an entirely different law of 


burning; the slope of its charge-pressure curve changes 
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radically; a small increase in weight of charge producing 
a relatively large increase in pressure. A powder charge 
of considerable length, having ignition only at its base, 
presents a severe condition of baffling to the primer gases 
and only a small portion of the charge can possibly be 
ignited from the burst of primer gases. In this type of 
charge, where the present ignition systems are obviously 
deficient, the chance arrangement of powder grains around 
the primer in different rounds, and consequently the vari- 
able baffling effeets of these grains, becomes a more signifi- 
eant factor than if the igniter were amply large to provide 
a sufficient quantity of igniter gases and so designed to 
distribute these gases efficiently throughout the charge. 
Less uniform conditions of burning of the propellent charge 
must result from such variable ignition. 

To summarize, two factors—ignition and homogeneity 
control the burning characteristics of the propellent charge 
which in turn controls, insofar as the propellant is con- 
cerned, the ballistic properties of the round. An ignition 
system should be provided that will emit a sufficient quan- 
tity of hot gases and will so distribute these gases that the 
entire surface of all powder grains will be ignited simul- 
taneously. The function of the igniter then ceases, ignition 
is over, and combustion of the charge begins. In order 
that combustion may be uniform, it must proceed through a 
homogeneous medium, which condition dictates the demand 


for a higher order of homogeneity of the powder colloid. 


[XN addition to the demand for greater ballistic uniformity, 

tactical requirements necessitate that, for a number of 
service weapons, the propellant be flashless and in addi- 
tion, in order to insure its ballistic properties against 
change due to moisture absorption, that it. be also relatively 
nonhygroscopic. These new demands upon the propellant 
require the addition of new ingredients to its composition, 
which, obviously, change the ballistic characteristics of the 
powder. The development of flashless, nonhygroscopic 


(FNH) 


these compositions to the several weapons under considera- 


propellent compositions and the adaptation of 


tion, has been a subject of primary importance for several 
years and still continues to be a major development project. 

The nonhygroseopie feature of a propellant is an im- 
portant consideration. Powder, after blending, is packed 
in air-tight, metal-lined boxes and stored in this condition 
until required for loading. It is impossible to prevent 
a certain number of boxes in a given lot from developing 
leaks and the powder in these leaky containers is then 
subject to changes in atmospherie conditions. The boxes 


will “breathe,” that is, take in air when the boxes are 


eooled and expel air when heated. If the powder be 
stored in a dry climate, it will, under these conditions, lose 
volatile solvent to the air, while if the storage be under 
conditions of high relative humidity, atmospheric moisture 
will be absorbed by the powder. Both of these conditions, 
that is, any change in total volatile content, will alter the 
ballistic properties of the propellant. The same considera- 
tions apply to separate-loading propellent charges stored 
Specifications for FNH 


powder require that the gain in hygroscopie moisture shall 


in metal eartridge storage eases. 


not exceed 0.90 per cent when a sample of the powder is 
conditioned to equilibrium at a temperature of 30° C. be- 

Straight 
conditions, 


tween relative humidities of 20 and 90 per cents. 


nitrocellulose service powder, under similar 


absorbs from 2.5 to 3.5 per cent of moisture. It is ap 
parent, therefore, that powder of the FNH type will retain 
its original ballistic properties much more closely under all 
conditions of storage and use than will the straight nitro- 
cellulose type. 

There is another important advantage in connection with 
the use of nonhygroscopic powder in addition to its reten- 
The stability of 


powder is apparently greatly impaired by storage in moist 


tion of ballistic properties. chemical 


atmosphere at elevated temperature. A sample of straight 
nitrocellulose powder stored at 50° C, in a saturated atmos- 
phere will become unserviceable after a period of approxi- 
mately three months. Nonhygroseopic powders have stood 
to date somewhat over two years under the same conditions 
and have shown no signs of becoming unstable. This ap- 
preciably greater stability life under adverse storage condi- 
tions is of especial importance when considering powders 
for war reserve storage. 

Hygroscopicity is effected by the incorporation of water- 
repellent. ingredients in the powder colloid, a sufficient quan- 
tity of such material being added to reduce the hygroseopic- 
itv below the specification limit. It is, of course, manda- 
tory that any such ingredients employed do not adversely 


affect the stability of the finished powder. 


‘T HE need for a flashless propellant is apparent. The 

firing of a round of service ammunition, involving a 
straight nitrocellulose powder, is accompanied by a brilliant 
white or light yellow flash which is reflected from sur- 
rounding objects and is visible for a considerable distance 
from the gun. The battery position is thus revealed to 
enemy observers. Upon firing a round involving an FNH 
propellant, there is noted only a small reddish glow at the 
muzzle of the piece instead of the bright flash. This glow 
does not produce sufficient light to be noticeably reflected 
from surrounding objects and cannot be detected at any 
appreciable distance from the gun. 

Muzzle flash is caused by the combustion of powder gases 
at the muzzle of the weapon as these gases come in contact 
with the oxygen of the air. In order that this combustion 
tuke place, the temperature of the gases must be above their 
flash point. It follows, therefore, that if this temperature 
can be reduced sufficiently, combustion of the gases cannot 
take place at the muzzle, and the round will be flashless. 
This reduetion in muzzle temperature of the powder gases 
may be effected by the incorporation of cooling agents in 
The chosen for this 
purpose are either relatively or 
that absorb heat from the system thus reducing the tem- 
is desirable, for this 


materials 
totally inert 


the powder composition. 
substances 


perature of the resulting gases. It 
purpose, to use materials that are efficient plasticizers, or 
velling agents, for nitrocellulose thus permitting the redue- 
tion of the volatile solvent to a low percentage in the in- 
terest of compensating somewhat for the reduction in 


potential occasioned by the introduction of the inert 
material. 

The problem of the design and development of improved 
propellent powders presents many phases. The satisfactory 
ultimate solution of a problem of such magnitude ean be 
effected only through the formulation of definite concep- 
tions, the determination of fundamental data, a vast amount 
of experimentation, and a high order of determination on 


the part of personnel engaged in the work. 
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Month by Month 


‘THE old order changes and ARMY ORDNANCE appears in 

a new dress! The front cover design of this issue incor- 
porates the familiar title with one of the late Joseph Pen- 
nell’s etchings, “Taking the Big Gun Away.” In quest of 
a subject interpretative of the mission of this Journal it 
was but natural to turn to the masterpieces of Mr. Pennell 
abilities placed him in the forefront of 
American etchers During the World 
War, by special permission of the Government, he visited 
the larger munitions plants and arsenals throughout the 


whose exceptional 
and lithographers. 


country resulting in his war work series of lithographs 
from which the cover subject was Two other 
equally interpretative subjects by the same artist, “The 
New Gun Pit” and “Gun Pit No. 1,” also will be used in 
subsequent issues. 

With this issue too, in addition to some typographical 
changes, is inaugurated a policy which, as to format, is a 
slight deviation from the old. On the editorial pages proper 
will appear concise comment on matters of importance in 
the realm of munitions preparedness to be followed by what 
we shall call “a long editorial” devoted to some outstanding 


chosen. 


eurrent event. 

Mindful of the natural antipathy to change, it is the 
hope of the Editors that these departures from past prae- 
tice, intended as they are as indications of progress, will 
meet with the favor of our readers and thus further stimu- 
late interest not only in the Journal itself but especially in 
the doctrines for which it stands. 





ARTILLERY ammunition was, in years back, the red- 

headed stepchild in the family of ordnance items. 
Ordnance meant guns, gun carriages, rifles, machine guns 
and some powder development. 
made in these several fields but, it seems, the complete 
round of ammunition just dallied along, seldom receiving 
the scientifie study and experiment it deserved. The records 
show that our foremost ammunition laboratory of today was 
originally conceived to determine the cost of manufacturing 
powder—design, development, production, engineering tech- 


Excellent progress was 


nique and improvement apparently meant little and of 
funds and brains received less. 


And this not 25 years ago. 






Experiences of the World War taught many lessons but 
none was more desperately Jearned than the importance of 
the complete round of artillery ammunition. The lowly 
booster and how to make it unbalanced the whole ammuni- 
tion supply program and tried men’s souls in the bargain; 
while cotton linters will recall for many until their dying 
The 
sheer necessity of war convinced the experts that the gun is 
only half the ordnance story. Ammunition thenceforward 
took its place at the family board to share in the councils 
of state as befitted its importance. 

To speak of the situation today would be an imposition. 
The array of discussions in this issue of ARMy ORDNANCE 
is ample evidence that artillery ammunition has come into 


day a nightmare of confusion akin to catastrophe. 


its own and that its design and development are matters 
of major importance to which are being devoted the un- 
divided thought and ability of some of our best engineering 
and executive talent. 


[T was our privilege recently to observe the degree of 

interest exhibited in their professional assignments by 
Ordnance Reserve Officers in two of our larger eastern 
At the one, in New York, there was a luncheon at 
and in the evening a 


cities. 





midday—a regular monthly affair 
well attended meeting at which one of the Army’s best lee- 
turers, with Allenby’s Campaign as his topie, was the prin- 
At the other, in Washington, D. C., there 
was also a large attendance of officers to study industrial 


cipal attraction. 


war plans and to hear the allurements of gas warfare so 
deftly painted that one had rather be gassed than be 
President. 

The 
nub is that many of our reserve officers take their ecommis- 


The nature of the addresses is not in point here. 


sions quite seriously, so seriously in facet that they go be- 
yond mere correspondence courses and active duty training 
and give willingly of their time to matters not required by 
the letter of law. 
potential value as officers and make their organization the 


They thus enhance proportionately their 
live, active thing it should be. But, we dare say, the in- 
dividuals thus interested and particularly in the lower com- 
missioned grades are not in the majority, which brings up 
the question what to do with the triflers. Our own opinion 
is that they should be fired and the quicker the better. 
Of course we grant that there are unusual cases requiring 
special consideration such as those provided for in recent 
instructions of the Secretary of War in respect of the 
reserve officer’s work in civil life being similar to and fitting 
him for the work he would be ealled upon to perform in the 
event of war. 

But if a reserve commission means only that the holder 
appear on occasion in dress parade then weeding out should 
begin at onee. There are too many of our serious-minded 
reserves who, at considerable inconvenience to themselves, 
work over correspondence course problems in their spare 
evenings, attend conferences and go to eamp when allowed, 
to have the organization burdened with figureheads. Not 
only that but the business in hand is entirely too serious 
to be hampered by them. 


a 
[v is with reluctance that we use the editorial shears and 


withhold from publication in this issue the annual reports 
for 1928 of the heads of the ordnance establishments of 
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both Army and Navy. This involuntary censorship is made 
necessary by the unusual space requirements of ammunition 
data published herein. 

We believe that these annual résumés are of compelling 
interest. Maj. Gen. C. C. Williams and Rear Adm. Wil- 
liam D. Leahy, heads respectively of the Ordnance Depart- 
ment of the Army and the Bureau of Ordnance of the 
Navy, are in charge of large and efficient establishments 
engaged in munitions design, production and supply. In 
their reports are given the net results of the year’s opera- 
tions thus furnishing an index of progress or decline. 
Happily in both services progress has always characterized 
these documents in spite of severe limitations of funds. 

The reports for 1928 indicate a continued effort to keep 
Army and Navy ordnance abreast of current scientific and 
mechanical developments as the needs of the services re- 
soth the March 


April issue. 


quire. reports will be published in 


<>- 


[¥ one takes time for a little thought it is, to say the least, 

perplexing to account for the whims and fancies of the 
crowd. What today is heresy tomorrow is gospel, or the 
other way around. Small wonder then that sealping “big 
business” delighted the hustings of a generation ago when 
crusaders waved big sticks at economic advancement em 
bodied in corporate strength. “Moneply” was trailed fever 
ishly and often was imagined where it did not in fact exist. 
Today modern economics have proved the soundness and 
efficiency of big, legitimate organization. Employee owner 
ship, price and eredit advantages for necessities and luxu 
ries are convincing the average citizen of the benefits of 
efficient management. Many who were called before the 
inquisition a quarter century ago now, by almost universal 
consent, are included in the prayer for benefactors. 

In spite of the impressive record of E. I. duPont de 
125 


the major conclusions one is com 


Nemours and Company throughout years of its ex 
istence, this is one of 
pelled to arrive at from “A History of the duPont Com- 
pany’s Relations with the United States Government, 1502 
1927,” recently off the press. 

Veteran of a century and a quarter of usefulness, the 
company began supplying the Government with gunpowder 
in 1805 when the War Department was just sweet sixteen 
and the Navy was only attaining the use of reason at age 
seven. From then on the performance of the company is 
an American epic. In every major conflict, excepting only 
the Revolutionary War, duPont literally has helped save 
the day. Indeed many a day would not have been saved 
without that help. To that company the Nation, whether 
it ever comes entirely to admit it or not, owes tribute. 
DuPont efficiency today, yes even duPont strength, are the 
best evidences of the soundness of its organization, the 
excellence of its service, the quality of its product and the 
ability of that long line of the family name and their as- 
sociates who have brought the company to its present posi- 
tion. Its record of faithful codperation with the military 
and naval branches of the Government in peace and war 
is part and parcel of American progress in these fields. 

At the height of the “trust busting” fever 25 years ago 
the company was hailed into court and dissolved but its 
military powder activities were allowed to remain intact. 
Just as the court virtually allowed the company to write 
its own order of dissolution in 1912 so we accept and con- 





gratulate it upon its own history of 125 years’ service to 
the Government recalling, for instance, on Armistice Day, 
1918, Old Hickory was 96 days and 13,000,000 pounds of 


powder ahead of schedule time. And Old Hickory was 


but one of the duPont Company’s big war-time under 
takings. So we say to this veteran a century and a quarter 


young: May you long continue to serve and prosper. 


<> 


UST as an ounce of prevention is worth a pound of 

cure, so for most of us an inch of fact easily may be 
valued at a mile of theory. Syllogize as you will, one actual 
fact can make of your reasoning a house of ecards or a 
temple of granite. In this light much abstract reasoning 
about the uselessness of national defense is pushed into the 
trash heap by the faets and experiences of life as they 
are and have been. 

In particular take one phase of present day prepared 
ness, the “educational order,” a means by which the Gov 
ernment would educate industry in the technique of ord 
nance manufacture discarding the iron-clad rule of con 
tract to the lowest bidder or even to the best equipped 
producer. Since the object is practical education in a com 
mereially dead yet necessarily live art, the experience and 
knowledge gained thereby are paramount to low price o1 
even to worthiness of finished product. 

Well, a great deal has been said and written about ord 
nance educational orders, but not enough as yet to make 
them aetualities. To many they may sound like classroom 
theory; to many others their logic is beyond dispute. 

Those to whom the value of the educational order is still 
theory we refer to the article in this issue by Mr. John H. 
Goss anent the experiences of the Scovill Manufacturing 
Company. Here was a case where, way back in 1905 when 
there were to be no more wars, what amounted to an eduea- 
tional order for artillery fuzes was placed with the com- 
pany. And on its own testimony which, we are certain, 
will bear the absolute corroboration of the War Depart 
ment, it was the edueational value, the experience gained, 
the technique acquired in performing that one educational 
order which enabled the company to establish its magnifi 
cent record of service to this Nation and its allies in the 
World War. 

To our way of thinking this is an illustration par excel 
lence. In the face of it theorizing against the value or the 
necessity of edueational orders won’t do—that is, of course, 
if facts mean anything. 


<> 


very successful one for the Army 


‘T HE year 1928 was a 


Ordnance Association. Its membership continued to 
Active 


is the big thing, while money, 


rrow and its financial condition remained sound. 
membership, as we see it, 
which for ages has been admitted to make the mare go, is 
not to be overlooked. 

The annual meeting of the Officers and Directors of the 
Association will be held January 24th at which time reports 
the the 


activities of the past year and plans for the future. A 


will be submitted on status of Association, its 
full account of the meeting will be published in the next 
this The old outfit 


along at a merry pace and, we hope, to the more complete 


issue of Journal. continues to roll 


realization of its aims and objectives. So we might add 
a variation of the artillery song, to be joined in by the 
chorus—keep it rolling. 
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The Retirement of Frank A. Scott 
An Editorial 


WHEN future generations of Americans take up for 
study the meanings and problems of the World War 
many considerations will present themselves which are not 
offered by the records of other conflicts from those of the 
Medes and Persians down through the annals of every 
civilization and every nation. One, we believe, which will 
mark the period in an especial manner will be the univer- 
sality with which that war spread its burden upon a peo- 
ple, combatant and noncombatant alike. Industrial growth 
including vast engineering and mechanical progress signal- 
ized the application of hitherto nonexistant forces in the 
prosecution of war. But when the World War actually 
eame to America the method of this application was an 
undeveloped art to which the genius of industry turned. 
To determine the aggregate of that power and to apply it 
specifically in the prosecution of war was the almost super- 
human task which devolved upon certain of our people. 
To Frank A. Seott of Cleveland, Ohio, “a man of vision 
and resourcefulness and also a man of tact and sanity,” 
was delegated the task of harnessing our industrial strength 
to war needs. This he did through the medium of the 
Munitions Standards March, 1917, 
which evolved within a few weeks into the General Muni- 


Board organized in 


tions Board, becoming three months later the War In- 
dustries Board. The skill of the first chairman of these 
important bodies who “to his military and naval associates 
spoke with sympathetic understanding of their problems 
and with a certainty about industrial processes which in- 
spired their confidence” is written large upon America’s 
record of the World War. 
of the performance of American industry under the diree 


It is this aspeet of the reeord 
tion of Colonel Seott and his assoeiates which we believe 
will mark decisively that conflict which already differed 
from its predecessors in many important respects. 

HESE reflections are occasioned by news from Cleve 

land, Ohio, that illness has made necessary the retire- 
ment of Colonel Seott as the 
Ordnance District of which he has been chief since 1924. 


active head of Cleveland 


To the following resolution adopted by his civilian as- 
sociates, the chiefs of the 13 other procurement districts, 
ARMY ORDNANCE adds its felicitations and the hope that 
he who has served on the directorate of the Army Ordnance 
Association for ten years may soon again enjoy the bless 
ings of good health. 

“Whereas, This organization has learned with deep regret 
of the illness and consequent resignation of Colonel Frank 
A. Seott as Chief of the District ; 
therefore, 

“Be it Resolved, That in the resignation of Colonel Seott 
the Ordnance Department, United States Army, and the 


Cleveland Ordnance 


District organization thereof are deprived of the counsel 
and ability of one of their active officials whose broad 
knowledge, wide commercial experience, and preéminent 
service to his country during the World War as founder 
soard, Chair- 


and Chairman of the Munitions Standards 
man of the General Munitions Board, and first Chairman 
of the War Industries Board, and since the World War 
as Chief of the Cleveland Ordnance District, have distin- 





guished him as a leader of American thought and an ex- 
emplar of citizenship, particularly in matters relating to 
the National Defense, and, 

“Be it further Resolved, That to Colonel Seott are due 
the sincere thanks of this organization for his untiring 
interest in the problems of Industrial Preparedness as ex- 
emplified in recent years, especially by his learned dis- 
cussions before the Army War College and the Army In- 
dustrial College, and his accomplishments as Chief of the 
Cleveland Ordnance Distriet, and, 

“Be it further Resolved, That this organization hereby 
extend to Colonel Seott its best wishes for a speedy return 
to good health, and the hope that he be enabled to resume 
his active participation in the affairs of the Ordnance De- 


partment.” 


Mk. HENRY C. OSBORN, President of the American 

Multigraph Company, who has sueceeded Colonel Seott 
as Chief of the Cleveland Ordnance District, is particularly 
well fitted to assume his new duties having been associated 
with the organization as head of its Ammunition Division 
Mr. A. C. Brown, 


Brownhoist 


almost continuously since its formation, 
President of the 
member of the War Industries Board during the World 
War and chief of the Artillery Division of the District sinee 
district chief. 


Industrial Corporation, a 


its establishment, has been made assistant 
Colonel Scott will continue to serve on the District Advisory 
Committee of which Samuel Mather is chairman. 

The Cleveland Ordnance District is an important eog in 
the machinery of industrial preparedness. Its great manu- 
facturing capacity and its diversified industries place upon 
the business men of the territory and the organizations 
with which they are associated the responsibility of provid- 
ing a large portion of the munitions in an emergency. 

Under the leadership of Colonel Scott and his predeees- 
sors the district has made substantial progress in the ful- 
fillment of its mission. Its advisory committee and its staff 
contain the names of industrial leaders who performed nobly 
in the World War. 
man, and Colonel Scott, the committee consists of Henry G. 
Dalton, James <A. The 
district staff includes in its membership Chester K. Brooks, 
L. W. Blyth, R. J. Bulkley, Reuben Hitcheoek, Edwin F. 
Carter, E. C. Peck, J. B. Dillard, A. B. Roberts, T. W. 
Carlisle, Wm. A. Borden and J. M. Erwin. 


To the new chief of 


In addition to Mr. Mather, its chair- 


Campbell, and Allyn F. Harvey. 


the Cleveland District and to his 
associates we extend our heartiest good wishes and proffer 
Their funetions in our scheme of national 
defense demand of them and of all others similarly engaged 
the utmost thought and planning. Time and again we have 
emphasized in these pages the importance of this work and 
the gratitude to which such gentlemen throughout the coun- 
It is little 
enough for all of us to do our share no matter how ap- 


our coOperation. 


try are entitled for their magnanimous efforts. 


parently slight our place in the scheme of things may be. 
This we should do gladly. If there were no greater reason 
prompting it certainly the desire that the work of Frank 
A. Seott, who blazed the trail amid the confusion of war, 


he continued during the serenity of peace is sufficient. 
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Brief Descriptions of Inventions of Interest to 
Ordnance Engineers 


Compiled by W. N. Roach, Chief, Patent Section, 
O fhice of the Chief of Ordnance 


THE following are some of the recently issued patents 


relating to ordnance: 


Andre Varaud has been granted Patent No. 1,666,672 for 
a percussion fuze for projectiles subjected to a rotary 
movement around their axes during trajectory. This patent 
relates to a fuze having a novel form of centrifugally oper- 
able means for holding the fuze in safe position. 

Leon E. Remondy has been granted Patent No. 1,666,792 
for a pereussion fuze. This fuze is similar to the other 
Remondy supersensitive fuzes but has a grid or sereen in 
front of the fuze so that it may be operated by loose earth, 
water or the like and not by an airplane wing or other 
similar material offering slight resistance. 

Arthur Adelman, of the Office of the Chief of Ordnance, 
has been granted Patent No, 1,672,145 for a fuze for pro- 
This the 


French type modified to assure more positive action upon 


jectiles. patent covers a fuze of well known 


glancing or graze impact. 
Patent No. 1,672,150 


Brayton, of 


Harold M. 


combination in 


has been eranted to 


Picatinny Arsenal, for a 


stantaneous and delay fuze. This fuze is one of the type 
which may be set for instantaneous action or for selective 
delay aetion. 

Patent No. 1,673,437 has been granted to Raymond L. 
Bartlett, assignor to Sidney Maranov, for a fuze mechanism 
for explosive shells. This fuze structure has ports normally 
out of alignment but brought into alignment by the forces 
operating on the fuze. 

Frederick G. L. Johnson, assignor to Vickers Limited, 
has been granted Patent No. 1,674,333 for a time fuze for 
projectiles. This fuze is construeted with a restricted port 
and suction means to withdraw the gases of combustion at 
a predetermined rate during flight of the fuze. 

Vickers 


granted Patent No. 1,675,118 for a pereussion firing me 


Owen D. Lueas, assignor to Limited, has been 


chanism. This patent relates to a time fuze adapted for use 
with drop bombs. 

Patent No. 1,675,530 for a powder time fuze has been 
This 


fuze is so constructed that a comparatively short time train 


granted to Harold M. Brayton, of Pieatinny Arsenal. 


may be employed therein, the object being attained by hav- 
ing an unevented fuze. 

Patent No. 1,681,390 has been granted to Frederick W. 
Bold, Charles H. 
for aérial This patent covers a mechanical time 


assignor to Pierson, for a time fuze 
bombs. 
fuze for bombs having special means for starting the time 
mechanism during flight. 

Samuel Wiley, of Picatinny Arsenal, has been granted 
Patent No. 1,683,939 for an airplane flare or signal. This 


flare is one which may be transported and used without a 
separate shipping container. 

Mr. Wiley also has been granted Patent No. 1,683,940 
for an illuminating aero bomb or flare. The main features 
of this invention are a novel igniting mechanism and re- 
lease mechanism. 

Patent No. 1,684,354 has been granted to Paul Liebergeld 
for a time with clock 


mechanical time fuze with a special form of mechanism for 


mechanical fuze work. This is a 
releasing the firing elements. 
Guy M. Ball has been granted Patent No. 


a parachute flare. This patent relates to a flare having 


1,686,117 for 


a special form of fuze mechanisms. 
William Lukens and Raymond R. 
Bethlehem Steel Company, have been granted Patent No. 


Carey, assignors to 
1,687,341 for a fuze for projectiles. This patent covers a 
special form of supersensitive fuze. 

Patent No, 1,687,484, for a safety, high explosive, impaet 
fuze, has been granted to Pieter V. Van Essen, assignor to 
Bethlehem Steel ‘Company. This patent discloses a special 


form of supersensitive fuze. 


HARRY C. ZIMMERMAN, of the Office of the Chief of 
No. 1,667,182, for 


This patent relates to a mount for infantry 


Ordnance, has been granted Patent 
2a gun mount. 
accompanying guns and has special reference to the trans 
versing mechanism thereof. 


William R. 


Ordnanee, has been granted 


the Office of the Chief of 
Patent No. 1,668,186, 


This patent covers a special 


Bluehdorn, of 
tor a 
muzzle attachment for guns. 
form of muzzle attachment for counteracting recoil of the 
gun. 

Maj. G. M. Barnes, Ord. Dept., U. S. A,, 
evranted Patent No. 1,672,146, for a method and means for 
This 


providing detachable elements for separately transporting 


has been 


transporting heavy artillery. patent contemplates 
the gun and its mount, together with a method of emplacing 
the mount. 

Patent No. 1,672,949, has been granted to 
Methlin, assignor to Cie, 


ordnance, more particularly adapted for firing against air- 


Nicholas E. 
Schneider and for a piece of 
eratt. 
guns intended to be operated at high elevation. 

Patent No. 1,673,294, 
George M. MeCann, of the Office of the Chief of Ordnanee. 


This invention relates to means for detachably connecting 


This patent discloses a peculiar form of mount for 


for a gun, has been granted to 


the barrel and the breech of an infantry accompanying gun. 

Louis J. F. Filloux has been granted Patent No. 1,673,817 
for a gun earriage with split trails. This patent discloses 
a gun earriage in which the traction elements are detach- 
ably connected to the respective trails. 

Nicholas E. Methlin, assignor to Schneider and Cie, has 
been granted Patent No. 1,680,902, for a setting device for 
time fuzes. The object of this invention is to provide a 
fuze setter in which the necessity of rotating the projectile 
during setting is avoided. 

Patent No. 1,681,325, for a recoil and run-out apparatus 
for ordnance, has been granted to Arthur T. Dawson and 
This 


patent discloses a special form of recoil and counter-recoil 


George T. Buckham, assignors to Vickers Limited. 
mechanism. 

Patent No. 1,682,323, for a mechanical loader for can- 
non, has been granted to Thomas A. Conlon, of the Office of 
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the Chief of Ordnance. This patent discloses a rammer, 
energy for the operation of which is stored up by the 
energy of recoil of the gun. 

Arthur T. Dawson and George T. Buckham, assignors to 
Vickers Limited, have been granted Patent No. 1,685,910, 
for a recoil and run-out apparatus for ordnance. This 
patent discloses a special form of recoil and recuperator. 


PATENT No. 1,666,887, was granted to John Browning, 

administrator of the estate of John M. Browning, 
deceased, for a barrel-cooling device for firearms. This 
patent discloses a special construction whereby access to 
the barrel for the purpose of cleaning and oiling may 
be had. 

John A. Dickerman, assignor to Remington Arms Com- 
pany, Ine., has been granted Patent No. 1,668,951, for a 
primer. The patent discloses a primer having a specially 
constructed anvil which is designed to permit ready pas- 
sage of the flash puncturing of the 
primer cup. 

Jacobus Henneveld has been granted Patent No. 1,669,241 


and to prevent 


for a machine gun. The patent discloses a special form of 


tripod for mounting the gun. 

Patent No. 1,669,496 has been granted to Elmer R. Stahl, 
for a bolt action gun. This patent discloses a special form 
of locking means for the breech bolt. 

Maj. Samuel G. Green, Ord. Res., and Capt. James L. 
Hatcher, Ord. Dept., U. S. A., of the Office of the Chief of 
Ordnance have been granted Patent No. 1,669,662, for a 
gun mount. This patent discloses a special form of mount 
for mounting a plurality of machine guns. 

Patent No. 1,669,969 has been granted to William A. 
Caruth, for a gun cartridge. This patent discloses a special 
form of bullet designed to prevent the necessity of drawing 
the cartridge case into a neck at the open end thereof. 

Patent No. 1,670,621 has been issued to Jacobus Henne- 
veld, for a gun support. This patent discloses a special 
form of tripod for mounting a machine gun. 

Capt. Walter T. Gorton, Ord. Dept., U. S. A., has been 
granted Patent No. 1,671,281, for a mount for machine gun. 
This patent discloses a mount which may be readily taken 


apart and assembled. 


Captain Gorton also has been granted Patent No. 
1,671,282, for a combination mount for machine gun. This 


patent discloses a mount which may be rapidly converted 
to an antiaircraft mount for machine guns. 


Motel Astor 
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Headquarters while in New York—Special 
Discounts on Rooms to all Army Officers. 


FRED A. MUSCHENHEIM 

















Edited by Herbert 
Dodd, Mead and Com- 


The New International Year Book. 
Treadwell Wade. New York: 


pany. 1928. 


T is always interesting to receive the current issue of 
The New International Year Book which for a number 
of years now has been under the editorship of Major 
Wade, a former Ordnance Officer who served in the De- 
partment during the World War. 
The latest issue of the Year 
and furnishes a concise yet comprehensive historical nar- 
While all topies of eurrent in- 


300k is the 26th volume 


rative for the year 1927. 
terest seem to be covered quite thoroughly, our particular 
attention, of course, is given to the article on Military 
Progress. A considerable portion of this diseussion is 
devoted to the general question of disarmament with the 
population ratios as to the number of troops allowed each 
country so that there would be no “surplus of troops avail- 
able for egression”’; the present status of the Officers’ 
Reserve Corps, R. O. T. C., C. M. T. C. and National 
Guard. Aviation comes in for a goodly share of the re- 
view, while mention is made of the 75-mm. mortar developed 
by the Ordnance Department and approved during the year 
as a standard for manufacture by the War Department. 
The article also gives a compendium of military progress 
abroad with particular reference to the strength of per- 
manent establishments, costs, ete. As usual, the treatment 
of this subject and the other topics written by authorities 
in their respective fields, makes the 1927 issue of The 


International Year Book of particular reference value. 


The Reserve Officers’ Handbook. By Maj. A. C. M. 
Azoy, Jr., C. A. C. Res., New York: Robert M. McBride 
& Co. 1928. $1.50. 

MUCH of general interest to Reserve Army officers is 

contained in this new volume by Major Azoy. 

The book, it is believed, will fill a long felt want in ex- 
plaining to the members of the civilian component of the 
Army of the United States many of the details of Army 
customs and regulations that, unwritten but honored by age- 
long sanction, sometimes offer stumbling blocks to the Re- 
serve officer when he dons uniform to take his tour of 
active duty at a military post. 

Dedicated by the author to the officers and enlisted man 
of the Regular Army, the book contains a strong foreword 
by Major-General Robert Loe Bullard, retired. 
Chemical Encyclopaedia. By C. T. Kingzett. New York: 

D. Van Nostrand Company. 1928. $10.00. 

THIS is the fourth edition of the Chemical Encyclopaedia 
and is made necessary by the great advances, particularly 

in industrial applications of chemistry, since the appearance 

of the last edition in 1924. 

The value of this English publication in the chemical 
world is quite well established. The new edition with more 
than 200 additional pages of recent developments makes a 
thorough compendium of well arranged chemical information. 
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By Warren F 


Business 


Financial and Business Forecasting. 
Hickernell, Ph. D. New York: 


Conditions, a Division of Alexander Hamilton Institute 


Bureau of 
Two Volumes. $10.00. 
AT a time when many business men are 


existence of the business evele as a phenomenon of future 


denving the 


economic life, it is well to have a qualified writer analyze 
This Dr. Hiekernell doe 


finaneial and 


the economic crises of the past. 
in the first volume of his valuable work on 
business foreeasting where he clearly separates the acei 
dental factors of crises since the Mississippi Bubble from 
the factors which behave similarly in relation to each other 
in every eyele. This careful analysis can be studied fruit 
fully by all who believe that the operations of the Federal 
Reserve Board can completely eliminate all future depre 
sions. 

The second volume deals with the methods of investiga 
tion, for purposes of forecasting, of movements ino mdivid 
securities, local business con 


ual commodities, individual 


ditions, as well as the general trend of business. This book 
will prove of the greatest practical utility to the busine 


man and investor. 


New York 


Benson 


1927. 


The Story of Geology. Ky Allan lL. 
The Cosmopolitan Book Corporation. 
THE ever-increasing library of books 


sciences is here enlarged by a particularly worthy mem 


popularizing the 


ber devoted to the comparatively neglected seience of 


geology. The author, already known for his politieal writ 


ings, has written on geology, his avoeation, in an informa! 


and lively style that makes a difficult subjeet interesting 


Benson shows reology as one ol those basic selence where 


in lie the possible solution to the riddles of life and the 
The 


with the story ol the earth, making a most enjoyable bit of 


universe. theory of evolution 3 cle veloped parallel 


science for the bu general reader. A hook ih as thi 
renders a real service to society by bringing ar iaportant 
field of knowledge into the realm of the intelligent layman 

The book is illustrated; there is a short bibliography 


it no index 


Surface Equilibria of Biological and Organic Cclloids 


By P. Lecomte du Nouy. American Chemical Soeis 
Monograph Seri Ne \ Chemie ( oy ¢ 
pany, Ine. 1927 
f ; 
tL 
‘ ‘ 
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‘Making Your Colt 


LEMPERING for the various parts of Colt Revol 


vers and Automatica is accorded the mont par 





ticular care 
degree of hardneass, touyhnens and fineness that in 


Special tempering processes impart a 


sures smoothest, most accurate, and reliable per 


formance of every Colt Revolver and Automat 
Pistol. 


Nince 1100-—-The World's Heat 
COLTS PATENT FIRE ARMS MFG, CO 
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CH RYS LER. Mur Own CYES 


will convince you of this new style 
leadership... 





‘Tre eyes of the nation are selling 
these new Chrysler cars to the nation 
. ++ GQ Chrysler “75” and Chrysler 
“65”—both stamp themselves on 
sight as new styles so striking that 
they are bound to change the course of 
motor car design ... | Here isone of 
those instances — rare excepting in 
Chrysler history —where the car is 
its own best advertisement and 
its own most eloquent salesman. 


CHRYSLER 


65° "75° 








TROJAN 
EXPLOSIVES 


High Explosives 
for 


every blasting purpose 


NON-FREEZING! 
NON-HEADACHE! 


TROJAN POWDER COMPANY 


Allentown, Penna. 


Chicago Portland San Francisco 














This 


is due to the tendency of liquid surfaces to adsorb the 


Dr. duNouy’s refined surface tension measurements. 
molecules of substances in solution. Some strange forees 
seem to draw these molecules to the surface layer—not in 
stantaneously but at a measurable rate. The point of in- 
terest is that these molecules keep moving to the surface 
until there is literally, as 
Now 


when these molecules, or molecular aggregates, are present 


layer until that surface is packed 
Dr. duNouy very neatly shows, “standing room only.” 


in such small amounts as to be undetectable when in the 
body of the liquid, it was indeed an ingenious device to 
take advantage of this tendency to migrate to the surface 
layer and to conduct the examination of the influence of the 
“dissolved” substance by studying the characteristics of 
thi. 


manner a physical distinction has been drawn for the first 


the surface where the concentration is greatest. In 


time between immune and normal serum—a differenee which 
was hitherto only discernible by immunological methods. It 
was found also that the maximum difference in the surface 
the 13th or 
l4th day after injection, the same time that the animals 


tension characteristics of serum, occurred at 


showed the maximum immunity when tested by biological 
methods. 

In the enthusiastic opinion of the reviewer, this is a book 
fields of 
which ean be studied with profit by 
He recommends it at least to his fellow 


which deals with new scientific attainment and 


several classes of 
scientific students. 


chemical engineers. 


Nicolo Machiavelli, The Florentine. 
zolini. Translated from the Italian by Ralph Roeder. 
New York: Brentano’s. 1928. $3.50. 

‘TRADITIONAL styles of biography have been altered, 
and it must be admitted, with great success, by Ludwig 

With a remarkable 

study of Machiavelli, an Italian writer now makes his début 


By Giuseppe Prez 


in Germany and Maurois in France. 


in America to show what a stirring and intense form of 
The 


author, Prezzolini, is a Florentine who describes the career 


literature the story of an eminent man’s life ean be. 


and character of his famous fellow-townsman of four hun 
(red years ago, and proves that Italy also has a master 
stylist in the biographical domain. 

All his life Machiavelli was a keen observer of mankind 
and a diligent student of Roman literature. His observa 
tions and studies were erystallized in that masterpiece of 
statecraft “The Prinee,” and in a number of military studi-s 
of the 


mereenaries who formed the armies of most states at that 


in which he advoeated a national militia in lieu 


time. That he divorced all questions of ethics from the 
field of polities is well known, but the general corruption 
of his times was such that this is not surprising. 

It would be difficult 
colorful picture of a man and his epoch than Prezzolini’s 


to conceive of a more vivid and 
dramatie recital, which has been most skillfully translated 


by Mr. Roeder. 


Some Memories of a Soldier. By Maj. Gen. Hugh L. Seott. 
New York: 1928. $5.00. 
AN outstanding addition to military history, an interest- 


The Century Co. 


ing biography, and the practical applieation of psy- 
chology are all to be found skillfully and delightfully set 
forth in this book eoneerning General Scott’s Army life. 
He has endeared himself to all with whom he has been as 


sociated and this volume clearly indicates why. and why 














Wa 
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he was so eminently successful in handling the many dif- 
fieult situations which were especially assigned to him. His 
skillful application of the golden rule, his rare diplomacy 
and his judicial attitude towards his fellowmen accom- 
plished great deeds which were of enduring benefit to the 
Army and the Nation. 

This book should be a great inspiration to every one. 
Unselfishness, honesty, close application and loyalty are ever 
foremost in General Seott’s demeanor and have brought 
returns to him of sterling value. The intimate glimpses 
which he gives one of the various famous, notorious, or 
otherwise interesting personages with whom he came in con- 
tact and the many illustrations add greatly to his account 
of his own Army experience. 

No one should fail to read this book and learn in detail 
of our Indian, Cuban, Mexican and Moro troubles, and of 
many other more recent problems with which General Seott 
was closely associated. We are indeed grateful that this 
soldier of imperishable memory has found time permanently 


to record his memories. 


Why Men Fail. Edited by Morris Fishbein, M. D., and 
William A. White, M. D. The Century Company. 
New York. 1928. $2.00. 

‘T HOSE who are meeting with indifferent suecess in their 
lives, or with none at all, and even those whose efforts 

have been crowned with success, may read to their profit 

the results of the investigations of eleven leading psyehia 
trists concerning the causes of human failure. The book 
deals with “that more subtle group of failures due to certain 
set ways of behavior, certain kinds of conduct under given 
circumstances, and certain types of personality.” The 
analysis of the mental troubles responsible for most of 
these conditions is useful, and the remedies suggested are 
feasible. Written by accepted authorities on the various 
subjeets considered, there are definite and clear discussions 
of a number of important questions which help the reader 
to understand and direct the processes leading to his own 
personal efficiency. Anyone dealing with personnel either 
in the Army or in the factory will gain valuable insight 


into his problems from a study of this book. 


The Elements of Machine Design. Part I. by W. Caw- 
thorne Unwin and A. L. Mellanby. New York: Long 
mans, Green & Co. 1927. $5.00. 

THIS edition of Unwin’s ¢elassic work on machine design 
is in effect the fifth edition although it bears the notation 

that it is merely a “new and revised edition.” The first 
pubheation was written in 1877, this was revised in 1890, 
rewritten in 1901 and again rewritten in 1909. In the 
present volume those subjects of design in which advanees 
in theory and practice permit of more thorough scientific 
treatment have been rewritten and revised to agree with 
present accepted standards. Included in these additions is 
the treatment of ball and roller bearings and of the high 
speed endurance of gear wheel teeth. Obsolete matter 
throughout has been omitted. A more acceptable arrange 
ment and method of presenting the subjects of springs, 
riveted joints and serew worm gearing is to be noted. 

This book is intended to fill a gap between theoretical 
applied mechanies and books of empirical rules. In this it 
has been eminently successful for a large number of years. 
The present edition adheres to its former usefulness and 
size and has added that highly desirable quality of being 


“Lhere 15S no 


satisfactory substitute 
jor an 


Orthophonic Victrola 


Once you hear the Orthophonic Victrola, any other 
reproducing instrument seems inadequate by comparison. 
It has that full rich tone combined with resonant depth 
of volume achieved only by exclusive Victor principles 
of reproduction. 

Ask your nearest Victor dealer to play you the latest 
Orthophonic Victor Records on the new Orthophonic 
Victrola. Only then will you appreciate its absolute 
fidelity of performance. It is as if the artist, the orches- 
tra, or the band were right in the room, singing or 
playing to you and your friends. See your dealer—today! 


The N : 
ie \ /ictrola 
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sss-sh-h! it might be gold! 


It’s yellow. It has that same soft golden 
sheen—velvet to the touch—perfect to the 
eye, and also to the microscope. 

But it isn’t gold—it’s Chase Brass, made 
in electric furnaces and shaped and rolled 
and drawn under strict laboratory super- 
vision, made in our mills in Waterbury and 
distributed through our warehouses and 


sales offices from Connecticut to California. 


Chase Brass & Copper Co. 


Incorporated 
Waterbury, Connecticut 
New York Newark Rochester Boston Philadelphia Pitts- 
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Baltimore New Orleans San Francisco Los Angeles 














282 





ARMY ORDNANCE Vou. IX, No. 52 




















4 





BLACK & DECKER 


Portable Electric Tools 
“With the Pistol Grip and Trigger Switch” 







There is a 
BLacK & DECKER 
PORTABLE ELECTRIC 
SCREW DkRiIveR, ELEc- 
TRIC SOCKET WRENCH, 
ELectric TAPPER, ELECTRIC GRINDER or 
BUFFER for every need. 


These tools 
are rendering 
the highest 
type of serv- 
ice in every 
civilized 
country in 
the world. 





The BLACK & DECKER MFG. CO. 
TOWSON, MD. 

















——————— 











The famous family of steel products 
under the Agathon trade-mark in- 
cludes Alloy Steels, Special Finish 
Sheets as well as all standard finishes, 
Electrical Sheets, Hot Rolled Strip, 
Toncan Enameling Iron, Toncan 
Oven - Lining, Galvannealed Sheets 


and Enduro Stainless Iron. 


CENTRAL ALLOY STEEL 
CORPORATION 


MAssILLon, On10 


World’s largest and mast highly specialized 
alloy steel producers 














up to date. It should find instant application to the general 
problems of high speed gas engines and other mechanisms 
and be universally thankfully received by students and 
investigators, engineers and draftsmen of machine design. 


My Jeanne d’Arc. By Michael Monahan. New York: 

The Century Co. 1928. $3.00. 
THIS new biography of Jeanne d’Are is a work of rare 

beauty. Were one to hazard a criticism of the book 
written with such evident steadfastness of purpose and 
with so deep and reverent an affection for the subject, it 
would be that the author “doth protest too much.” Granted 
that the facts of the ease do not justify the point of view 
of Anatole France that Jeanne d’Are in her military career 
was a sort of “mascotte,” is it not possible that Mr. 
Monahan’s enthusiasm leads him to aseribe too great abilities 
to the young peasant girl so that his effort to convinee the 
unbelievers is rather weakened than strengthened? But it is 
of little moment. The life and character of the Maid of 
Orleans have a new and deeper significance, and the wonder 
of her brief days of glory is told in a fashion hardly 
equalled even by the many other great writers who have 
undertaken to explain this phenomenon. Mark Twain, in 
referring to an essay partly incorporated into this book, 
said of Mr. Monahan’s earlier work: “It is strong and 
eloquent and beautiful.” The completed work deserves the 


same praise. 


A. E. F.—Ten Years Ago in France. By Major General 
Hunter Liggett. New York: Dodd, Mead and Com 
pany. 1928. $3.00. 

T HIS volume by General Liggett is a detailed picture of 
the activities of our fighting forees in Franee. The First 

American Army Corps commander follows the movements 

of our troops by divisions, brigades, and in some instances 

by regiments. He gives us a vivid and detailed deseription 
of how the so-called “Lost Battalion” was surrounded and 
finally reseued. While the book may be a little confusing 
to some, due to the lack of good maps, it is interestingly 
written and is full of intimate happenings which make it 
human and hold the attention. The accomplishment of 

Sergeant York is fully and stirringly described. 

The book is justly commendatory of the ability of Gen 
eral Pershing both as a great soldier and a capable dip!omat. 
In addition to General Pershing, General Liggett pays high 
tribute to many of the staff officers who served under him 
in his division and the First American Army Corps. The 
incident of the First Division’s march on Sedan across the 
front of the First Corps is touched upon only as a feat 
of extraordinary accomplishment, creditable to the officers 
and men of that division. 

It is General Liggett’s opinion that the German Army 
would have surrendered uneonditionally in the field in an- 
other month due in no small measure to the freshness, vigor 


and high morale of the American Forces in Franee. 


Zz 
’ 


How to Understand Accounting—A Book for Everyone 
in Business. By Howard C. Greer, C. P. A. The 
Ronald Press Co. New York. 1928. $3.00. 

[N his preface Professor Greer states the mission of his 
book is “to provide in brief space the material necessary 

for a working knowledge of accounting—a knowledge which 

every man in business must have to conduct his operations 


with intelligent understanding and foresight.” The aceom- 
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plishment of this end in a space of about 250 pages is 
indicative of the author’s skill. Furthermore he has endowed 
this abstruse subject with an unusual degree of interest and 
readability. A consideration of the general principles of 
accounting and the double-entry system is followed by 
actual illustrations of the mechanies of bookkeeping. The 
relation between accounting methods and the resultant 
financial statements is simplified and explained so that such 
statements can be readily analyzed and understood, and the 
“interpretation of business data and the formation of busi- 
ness policies” facilitated... The author’s contribution to 
this subject is noteworthy in successfully clarifying a dif- 
ficult and too little understood tool of executive control. 


Skyward. By Commander Richard E. Byrd, U. S. Navy 
(Retired). New York: G. P. Putnam’s Sons. 1928. 
$3.50. 

MUcu is to be learned from reading this book concerning 

modern polar expeditions; preparation therefor and 
their accomplishment. There is also considerable light 
thrown on the present status of the development of air- 
planes, their limitations and their possibilities. As a story 
of Byrd’s aviation ambitions from boyhood to the present, 
his successes, and his disappointments, it is very interest- 
ing and entertaining, being well written and well illustrated. 

The human equation is a huge factor in the flying game 

and the author brings out much concerning it. High tribute 

is paid to his many assistants. and friends, especially to 

Floyd Bennett, the loss of whom will be keenly felt in his 

present explorations. 

Byrd has been quite successful in assisting the advance 
ment of aérial navigation and in demonstrating the prac 
ticability of long-distance commercial aviation and it is 
quite remarkable that he is able to maintain what may be 
termed a level-headed and well-balanced attitude toward 
the future of aviation. It is also refreshing to find that 
he does not attempt to instruct the Nation concerning the 
proper erganization and control of military and naval avia- 
tion. Those interested in the development of the Nation and 
human progress should not fail to read what this author, 


aviator and explorer so charmingly tells. 


Biography: The Literature of Personality. By James C. 
Johnson. New York: The Century Company. 1927. 


$2.50. 


PROFESSOR JOHNSON has given us here a much 

needed treatise on the important art of “life writing.” 
The book begins with a short history of the evolution of 
biography, illustrated with examples that are classics. The 
diseussion then turns on the various forms of the art with 
model examples: autobiography, life and letters, memoirs, 
critical biography, and others. Professor Johnson advoeate- 
biography which aims primarily at a full and truthful 
portrayal of character against a background of the period 
] 


in which the subject lived rather than a mere chronology 


of facts. The author, while making a plea for a complete 


life picture, decries the modern tendeney to obtain popu- 


larity by emphasizing the sordid details of a man’s life. 
This is a valuable and interesting work on a subject of ip 
creasing importance in literature. In the appendixes ar 
included a list of one hundred representative biographies 


and a well planned and executed bibliography of the art 
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Matter, Electricity, Energy. The Principles of Modern 
Atomistics and Experimental Results of Atomic In- 
vestigation. By Walter Gerlach. Translated from the 
2nd German Edition by Francis J. Fuchs, Ph. D. New 
York: D. Van Nostrand Co. 1928. $6.00. 

“. HE author and translator of this book have made avail 
able under one cover a great mass of information con- 

cerning the methods and deductions of reeognized authori- 

ties on the atom and its present day conception. It avoids 
the highly involved mathematical processes incident to such 
investigations and presents in a very clear and readable 
style the various assumptions made coneerning the atom 
and the reasons for the probable correctness of this altitude. 

The prime purpose of modern atomism is “to unravel 
the mysteries of matter: the inner structure of the atom, the 
laws of the forces operative within and without the atom.” 

In presenting the present-day knowledge in a simple style 

the author has been most fortunate. For those who desire 

to delve further into the subject numerous references are 
provided. Scientists engaged in atomistic research will 
seek elsewhere perhaps for their needed information but it 
is from a broad public knowledge of the accomplishments 
of our scientists that the impetus to endow scientific re- 
search is to be expected and for this reason we are indeed 
indebted to Drs. Gerlach and Fuchs for making available 


this most interesting book. 


Probability and Its Engineering Uses. By Thornton C. 
Fry, Ph. D. New York: D. Van Nostrand Co. 1928. 
$7.50. 

PROBABILITY has long been considered the particular 
playground of the mathematician but in recent years the 

impetus of industrial competition and scientific manage- 
ment has made it necessary to give this subject its proper 
place in industry. It is therefore appreciated that this is 
an opportune time for this volume to be published. The 
mathematical treatment of probability has been treated 
exhaustively in the past but clear and concise guides to its 
application to the business world have been lacking. 

In this book Dr. Fry presents a very acceptable exposi 
tion of the subject mathematically, ably interprets its mean- 
ing and clearly shows its practical application to industrial 
engineering problems. Its subjeet matter should be eagerly 
acclaimed and widely applied. The application of the theory 
of probability will be greatly facilitated by the use of the 
various tables provided, such as, the factorials of integers, 
the logarithms of faectorials, and others, and should tend 
to invite its use extensively. This book is well written, has 
been tested by classroom and industrial application of its 


contents and is highly recommended. 


Machine Work. By Theron J. Palmateer. Stanford Uni- 
versity Press, Stanford University, California. 1927. 
THIS is a useful and compact text-book for use in con- 

nection with practical instruction in modern machine 
work. Although primarily intended for engineering col- 
leges, it should also be of value in trade schools. Each 
major type of machine tool is deseribed briefly and its use 
discussed, after which there are given problems involving 
the use of such a machine. Where this book is better than 
many others of its kind is in laying out a problem which 
involves the complete machining and assembling of a small 
piece of apparatus (a grinder) on a limited “quantity 


production” basis. 
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Principles of Transportation. Ly 
Grover G. Huebner, and G. Lloyd Wilson. 
$5.00. 


Johnson, 
New York: 


Emory R. 


D). Appleton and Company. 1928. 
T can be said of this book that it not only adds greatly 


to our knowledge of transportation but 
relationship between the carriers on land, on sea, and in 
the air. 
traffic caused by the truck and bus have necessitated the 
revision of transportation literature. This has been accom- 
plished in a masterly fashion by these well-known authori- 
Nearly half the book is taken up in 


the deseription of the railroads, their services and organiza- 


ties on this subject. 


tion, rate making and Government regulation. 
Transportation by road is very adequately studied with 
a clear exposition of the possibilities of coérdination with 
the railroads. Ocean and inland water transportation are 
described in considerable detail. Finally the authors in sev- 
eral well written chapters deseribe commercial air transpor 
tation, thus rounding out this thoroughly comprehensive 
treatise on carriers. It is a most valuable volume deserib- 


ing the entire field of transportation. 


Storage Batteries: Theory, Manufacture, Care and Ap 
plication. By Morton Arendt. New York: D. Van 
Nostrand Company, Ine. 1928. $4.50. 

WHEN a specialist in the matter of storage batteries 
such as Professor Arendt, undertakes the pablication 

this subject, the result is necessarily 


of a treatise on 


authoritative. The seope of the book is comprehensive, 
combining a diseussion of the theory of the storage bat 
tery, with ample deseriptions of the manufacture, eare 


and maintenance, 
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